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The East Indiaman Götheborg

embarked on a historic global journey from
Gothenburg, Sweden in October of this year.
PHOTO: KENT HALLGREN, KAMERAREPORTAGE
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In the last decade POD propulsion applications have
increased significantly, mainly in the sectors of cruise
ships and ferries.Within the EU research project INTE-
GRATION the application of this type of propulsion
system for a fast Ropax ship has been investigated as an
alternative to a traditional twin screw solution.

INTEGRATION (Integration of sea land technologies for
an efficient intermodal door to door transport) is a proj-
ect that aims to make short sea shipping in Europe more
attractive by developing new loading and unloading tech-
nologies for use onboard ships and in harbours. An addi-
tional aim of the project is to develop energy efficient
sea transport.

As part of the project, a Contra-Rotating Propulsion
unit (CRPu) was designed and tested at SSPA. A CRPu is
a propulsion system that combines a propeller on a shaft
with a POD propeller positioned behind the propeller.
The CRPu concept was selected because a high propul-
sive efficiency can be achieved when used in the right
application. Under the right design constraints the POD
can recover rotational energy left behind by the main
propeller.

SSPA has long experience of testing contra-rotating
propulsion arrangements. In the 1960s a systematic series
of contra-rotating propellers (CRP) on one shaft were
developed and tested. A CRPu system has the same
hydrodynamic principles as a contra-rotating propeller
with a thruster, which was studied and patented by SSPA
in the mid 1980s.

The increase in POD propulsion applications in
recent years may be justified by advantages such as good
manoeuvrability in harbours and flexibility for the general
arrangement of the ship. Of course installation of one
conventional propeller limits the freedom in the general
arrangement compared to a traditional POD installation.

However with today’s high oil prices in mind the CRPu is
a very interesting concept because of the possible
propulsive efficiency gain.

Designing a CRPu system
One of the prerequisites of the project was to use an
existing hull form. A hull form from a twin screw vessel
was selected and modified in the aft to incorporate the
main and POD propeller.The design speed for the CRPu
ship was set at 29 knots.The design speed is very high
and was a result of the proposed sailing route of the
ship.

The POD and main propellers were designed using
CONTRA, SSPA’s in-house software developed for lifting
line and lifting surface for contra-rotating propellers.The
main challenge with the current propeller designs was
the risk of cavitation erosion on the aft propeller and in
order to reduce the amount of cavitation and vibration
excitation the blade tip and root are unloaded.

Model tests revealed...
A campaign of model tests involving both the SSPA tow-
ing tank and large cavitation tunnel was carried out to
investigate the propulsive performance of the CRPu sys-
tem.

Towing tank tests were performed in order to find
the propulsive power required and also to investigate the
wake field.The tests indicated a slightly increased propul-
sive efficiency compared to the twin screw ship.The
wake field was shown to be symmetric with low peaks
around the 12 o’clock position.

Performing cavitation tunnel tests with a CRPu is
necessary to get a full understanding of the hydrodynam-

A fast Ropax ship for the future?
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ic performance.Therefore cavitation tests were per-
formed in the SSPA large cavitation tunnel. At the design
speed of 29 knots, sheet cavitation on both the main and
POD propeller was noticed.The cavitation on the POD
propeller is very complex as a result of the induced
velocities from the main propeller.

A common problem with POD installations is the
erosive cavitation that may occur when the POD unit is
rotated. In the case of rotation a CRPu is even more sen-
sitive because of the wake of the main propeller and the
high speed of the ship and this cavitation problem was
found at the design speed. However when the speed was
decreased to 27 knots a significantly improved cavitation
performance was observed, both when the POD unit
was fixed at 0 degrees and when it was rotated.

... a promising propulsion concept
This particular CRPu design is a first investigation of the
potential hydrodynamic problems and not the end result
of a complete design process.The constraints of this
project, as mentioned above, directed it to the selected
propulsion design.The results show that the actual pro-
pellers give reasonably good efficiency but have cavitation
properties that are unsatisfactory in certain modes of
operation.

However, the CRPu concept is promising and togeth-
er with the right design requirements it can become an
efficient and fast way of transporting goods on the seas.

Pelle Lundström
Per Lindell

A fast Ropax ship for the future?

←   The CRPu arrangement
with a main propeller (left)
located forward of a POD pro-
peller and a POD housing.

Wake distribution
in the main propeller plane at
the design speed as measured
by 5-hole spherical probes.The
average wake fraction (wn)
over the propeller disc is 0.22.
Solid circles indicate main pro-
peller and hub diameter
respectively.

Cavitation exten-
sion on main propeller (top)
and POD propeller (bottom) at
the design speed.
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As mentioned briefly in the preceding issue of
Highlights, the European Maritime Safety Agency
(EMSA) awarded SSPA Sweden AB and partners the
contract for the development of a casualty database,
network and management system.With the initiation of
this project, EMSA takes a leading role in developing
the reporting tools that they want used to improve
maritime safety in the EU.

Among the tasks of EMSA the following can be
highlighted:

• to facilitate co-operation between the Member States
and the Commission in the provision of the support of
the Member States in
– activities concerning investigations of serious mar-

itime accidents
– carrying out an analysis of existing accident investiga-

tion reports
• to provide the Commission and the Member States

with objective, reliable and comparable information
and data on maritime safety and on pollution by ships,
which implies collection, recording and evaluation of
technical data in the relevant fields.

In order to fulfil these tasks, EMSA have signed a contract
with SSPA for the development and implementation of a
common database and information system for marine
casualties.

The European Marine Casualty Information Platform,
or EMCIP, shall be able to register and store all relevant
casualty data such as particulars of the ships, chain of
events, involved actors, contributing factors, and safety
recommendations.

Information stored in the database is intended for
use in several ways including carrying out analysis and
research work, producing public and other reports, and
supporting investigating activities.

The database
The database is to be populated by the European
Member States, which will act as data providers.The sys-
tem should support the data provider during the process
of populating the database by facilitating notifying, report-
ing and searching, as well as provide support during the
preparatory investigation work.

The information system consisting of the database
and the management system should enable EMSA to
present reports, studies, statistics, and lessons learned to
the public.The information system should be capable of 

• guiding users and receiving and processing their input,
queries or requests 

• supplying additional information on marine investiga-
tion by providing links to other databases, homepages
and information sources.

EMCIP will be able to store information about casualties
involving all types of ships and all categories of occupa-
tional accidents. It will cover casualties of all severities
including very serious, serious and less serious casualties,

as well as marine incidents (casualties without conse-
quences).

Information Management 
The coding and database structure deals with how the
information collected should be presented in the data-
base.

Accident taxonomy is a system for classifying and
organising accident data and causal factors. It is the back-
bone of the information management system and forms
the basis of the structure and design. However, in
European countries, no standard taxonomy currently
exists for maritime accidents. Each country has its own
national system; and even the method of storing data
varies - some use electronic databases while others
merely maintain their records on paper.

Investigation methodology
To be able to conduct reliable assessments and produce
statistics, annual reports and studies based on the out-
come of investigation analyses, the investigation report
should:

• Reflect the sequence of events and their interactions
• Identify tasks or operations not performed or per-

formed below standard
• Distinguish between human error, technical failure, and

extreme environmental load.
• Relate failures to the basic system modules: technical,

human-machine interface, operator, procedures, sup-
porting organisation, and environment.

• Identify preventive and consequence reducing meas-
ures.

Consequently, the following main steps and methodology
in accident analysis should be supported when making a
report:

1. Initial data collection 
2. Identification and reconstruction of events 
3. Human Factors analysis
4. Systems, hazardous materials and environmental

analysis
5. Summary of causal relations

Analysis of Data
The event identification and reconstruction phase will be
conducted using time line analysis, and identifying the
accidental events, the actors involved (people, team,
equipment, structural elements, weather conditions, etc.)
and their interaction.

A relevant methodology (e.g. based on CASMET)
will be introduced.The assessment approach taken into
account in the design of the EMCIP database will make it
possible to make searches and selections on the causal
and accidental events, consequences and contributing fac-
tors.

The approach rests on two pillars: the analysis

Karl-Johan Raggl,
Project Manager at SSPA. He
received his M.Sc. Degree from
the University of Umeå in
1985. He has been employed
at SSPA since 1988, and works
mainly with sales, simulators,
and customised systems.
Telephone: +46-31 772 9070
E-mail:
karl-johan.raggl@sspa.se

Olle Bråfelt, M.Sc.
in Naval Architecture, graduat-
ed from the Royal Institute of
Technology, Stockholm, in
1974. He has during his
career been working in differ-
ent areas of marine technology
and has for more than 20
years mainly been engaged in
issues related to maritime risk
and safety. His long experience
and high level of knowledge
has given him a position as a
highly appreciated Senior
Expert.

EMCIP – European Marine
Casualty Information Platform
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Over the last decade, the search for new renewable
energy sources has led to the development of offshore
wind power plants.At present some 20 such plants or
wind farms have been constructed and are now in
operation.The emergence of these plants means that
there is a “new” player on the seas, who needs to co-
operate with the traditional players in shipping, fishing
and other maritime activities.

The need to supplement and/or substitute existing
sources of energy with sustainable and renewable
sources has led to, among other solutions, the exploita-
tion of wind as an energy source.Wind energy has a long
history and windmills are a familiar sight in many areas,
but generally speaking the energy produced has been just
for local consumption.

Fifteen years of offshore experience
The use of wind energy to produce electricity for general
consumption is a rather new application, and the devel-
opment started on a larger scale as a consequence of
the oil crisis in the seventies. Extensive research has been
carried out, which has led both to improvements in effi-
ciency as well as substantial increases in the power deliv-
ered from a single wind turbine.

The first offshore wind farm was installed in 1991 in
Denmark and consisted of 11 turbines, each delivering
450 kW, for a total of 4.95 MW.There are now approxi-
mately 20 wind farms in existence, delivering a total of
about 0.5 GW, and all are located in European waters.
The size of the turbines has increased since the time of
the first offshore installation, and they now have a power
range up to 5 MW. At least 20 new wind farms are now
in the planning or construction phase. It is projected that
by the end of next year total power generated from off-
shore wind farms will be in the order 3 GW.

Environmental and safety aspects
In many respects offshore installations of wind turbines
are considered to be more favourable than land based
installations.Wind conditions are generally better with
higher average wind speeds, which means higher produc-
tivity.To some extent there are fewer conflicts with other
potential users of the required area, which means that
larger wind farms can be constructed.There are also
fewer conflicts with the public with respect to impact
from noise, visual effects, etc. On the other hand invest-
ment costs will be higher for offshore wind farms, as well
as to some extent maintenance costs due to a harsher
environment.

In order to keep installation costs at a reasonable
level the offshore wind farms are located in shallow
waters.The first wind farms were built in water depths of
around 5 meters but the recent tendency is to explore
deeper water – up to 40 meters. SSPA recently conduct-
ed a safety assessment for Vattenfall AB for a proposed
wind farm on Kriegers Flak (South Baltic Sea) in the
Swedish Exclusive Economic Zone.This wind farm will
occupy almost 60 square kilometres, with water depths
in the area ranging from 16 to 42 metres.There are 128
units in the proposed development, which has a total
power of 640 MW.

It is clear that wind farms will increase in size in
terms of area occupied.The installations will also move
out into deeper water.This will have both environmental
and safety consequences and thorough assessments are
needed.

The safety aspects are mainly concerned with sea
traffic – merchant ships, fishing vessels, naval operations
and also leisure craft. Because the wind turbines (includ-
ing rotors) will reach heights up to 200 meters, air traffic
can also be affected. Environmental effects to be consid-
ered include impact on marine life and bird life.

Jessica Johansson,
Project Manager at SSPA since
2002. She received her M.Sc.
degree in Mechanical Engi-
neering in 1996 and her
Lic.Eng. degree in Environmen-
tal Sciences in 2001 from
Chalmers University of Technol-
ogy. During her employment at
Chalmers she gained research
experience in areas of impor-
tance for a future sustainable
society. At SSPA she works with
environmental and risk related
issues in the marine area.
Telephone: +46-31 772 9105
E-mail:
jessica.johansson@sspa.se

Willem van
Berlekom, Senior Consultant,
SSPA. He graduated from The
Royal Institute of Technology,
Stockholm, in 1959.After
working at the marine consult-
ants Navalkonsult and the
National Research Institute for
Defence he was employed at
SSPA in 1965.The last years
he has primarily been working
with maritime safety and risk
issues.
Telephone: +46-31 772 9063
E-mail:
willem.van.berlekom@sspa.se

Offshore based wind power plants
– a “new” player on the seas

A wind power
farm located in the vicinity of
ship traffic will imply risks for
collisions between ships and
the wind farm.The risk levels
are largest during the installa-
tion phase and will then
decline to a steady level when
the wind farm has been in
operation for a number of
years. (Photo: Claus Bøjle
Møller, © Danish Wind
Industry Association,
windpower.org)
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Offshore based wind power plants – a “new” player on the seas

The introduction of Automatic Identification Systems (AIS)
on board ships has provided a powerful means of tracing ship
movements.The plot shown above is a record of ship traffic close to
Kriegers Flak during one week. Each dot represents a ship. (Image
by courtesy of Vattenfall AB.)

The number of offshore wind farms will most
probably continue to increase in the coming years.

Safe navigation – safe power 
generation
A main safety aspect of offshore wind farms concerns
ship operations and in particular merchant shipping.
Fishing activities are also affected to some extent, as well
as pleasure boating (in some areas). As regards to air
traffic the limited height of the wind turbines means that
generally there are no airplane routes in close proximity,
unless the wind farm is located near an airport. Smaller
planes and military aircraft may come closer, as well as
helicopters engaged in rescue operations.

Safe navigation of ships in the vicinity of the wind
farm can thus be considered the main safety issue. In the
assessment of ship safety the main concern is the traffic
passing the wind farm.The ship transports to the wind
farm during building/installation and afterwards during
maintenance also needs to be considered.

The major risks to ship safety are collisions between
the passing ship and the fixed wind turbines. A typical risk
assessment procedure as performed by SSPA includes:

• Quantification of ship traffic that can be affected by the
wind farm, including identification of ship routes passing
in the vicinity, number of ships, type of ships, etc.

• Environmental conditions that can affect the navigation
of ships such as weather, sight conditions, etc.

• Calculation of collision risks, which is often divided
between ships capable of manoeuvring and drifting ships.

• Calculations of collision consequences such as personal
injuries, material damage and pollution.

• Comparison with a “baseline (zero)” alternative, to
assess changes in risk levels compared with no wind
farm at the site.

• Measures to reduce risk levels, for example the installa-
tion of a VTS to control ship movements in the vicinity
of the offshore wind farm.

Enhancing safety – “control program”
The establishment of an offshore wind farm will generally
require a concession from the national authorities, which
have jurisdiction over the proposed site. A basic require-
ment to obtain concession is that assessments of envi-
ronmental effects and safety risks have been carried out.
These assessments should be based on existing environ-
mental conditions, existing and forecasted ship traffic in
the area, planned installations of the wind turbines etc. In
order to follow up on actual conditions both during the
installation and the operational phases most concessions
also require the set up of a program to monitor the
installation and operations and to assess whether

• assumed conditions are valid
• restrictions included in the concession are complied with
• deviations, which require corrective actions, are detected

as well as develop plans for accident and emergency
management.

Willem van Berlekom
Jessica Johansson
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While traditional model testing remains a necessary
means of predicting propeller performance, use of CFD
(Computational Fluid Dynamics) software opens up
other possibilities in analysis and design of propellers.
Through the EU project “Leading Edge” SSPA has
gained more experience in meshing and simulating
flows around highly skewed propellers.The experience
has been used at SSPA in assisting with propeller
design.

A project on the leading edge
The “Leading Edge” project addresses a growing problem
in today’s shipbuilding industry: the vibration caused by
tip vortex cavitation. It aims to develop tools to predict
and control tip and leading edge vortices in propeller
design. It has a strong consortium of 15 partners includ-
ing propeller manufacturer, shipyards, model basins, uni-
versities, code developer, research institutes, and consul-
tancy firms. State-of-the-art RANS codes were devel-
oped and validated against PIV measurements and model
test results with particular focus on the prediction of vor-
tical flow detail at propeller tip and leading edge.Three
types of propellers were analysed in open water condi-
tions at model and full scale.The project is now
approaching its end with many fruitful results.

Flow analysis at model scale …
A CFD simulation not only predicts a total force and
moment, but also flow details in the whole computed
domain. For example, it tells engineers the pressure dis-
tribution anywhere on a blade, and identifies where the
flow is accelerating, decelerating, separating or cavitating.
Information on the magnitude and location of the mini-
mum pressure assists a designer with judging the risk of
cavitation inception and location.These details cannot be
obtained with a conventional model test.

The geometry of the skewed propeller under study
was complicated by its high skewness, rake, and pitch
variation, which poses a great challenge for mesh genera-

tion. After much effort and practice, high quality hexahe-
dra mesh can be generated within a short time now.
Grid dependency was studied in one condition with six
geometrically similar meshes. It was found that the local
quantities inspected showed a scattering with different
meshes, while the total KT and KQ demonstrated a non-
monotonic convergence with mesh refinement.The pre-
diction difference between the coarsest and the finest
mesh is less than 0.7% for KT and less than 0.5% for KQ.
The grid dependency study significantly increased our
confidence in determining the size of the mesh that is
sufficient for a routine simulation of a propeller in open
water.

Experience with “Leading Edge” and other projects
shows that the CFD prediction of model scale KT and KQ

in open water now agrees quite well with experiments,
normally with a difference from the measured data
around 2% for the KT and 5% for the KQ. However, the
time to perform a full-range open water prediction is still
several times longer than an open water test in a towing
tank.

... to full scale
It is known that model testing suffers from scaling effects.
The prediction of full scale performance is essentially an
extrapolation based on model test results and semi-
empirical scaling laws. However, a CFD tool offers the
possibility to directly analyse the flow at full scale.The
results of full-scale computation demonstrated a clear
influence of viscous scaling effect on flows.The viscous
contribution to KT and KQ was decreased at full scale as
expected. However, the pressure (or the lift) contribution
to KT and KQ was found to have increased.The overall

Da-Qing Li,
Project Manager and
researcher. He received his
B.Sc. in Naval Architecture
from Huazhong University of
Science and Technology in
1986 and his Ph.D. in Ship
Hydrodynamics from Chalmers
University of Technology in
1994. He joined SSPA in 1998
and has since then been work-
ing with propeller/waterjet
propulsion, cavitation/erosion
and shallow water problems.
Telephone: +46-31 772 9053
E-mail: da-qing.li@sspa.se

More insight into propeller
performance with CFD

The hexahedra
mesh at the boundary of the
computational domain, and the
surface mesh on the propeller
blade and shaft.
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results are an increase of KT by 5.1% and a slight increase
(not decrease!) of KQ by 0.14% as compared with those
in model scale.There is a discrepancy between the com-
puted values and those estimated by the ITTC’78 per-
formance prediction method. Is the turbulence model no
longer valid in full-scale simulations or is the ITTC’78
method giving a pessimistic prediction because the scaling
effect on lift was not accounted for by the method?
Further investigation is under way.

Unsteady load prediction
As a step towards time-dependent prediction of hull-pro-
peller interaction, a simplified case, with the propeller

working in an inclined uniform flow, was studied.The sim-
plification of wake in front of a propeller makes it easy to
evaluate the performance of the flow solver in unsteady
simulations, because an inclined uniform inflow produces
a sinusoidal loading on propeller blades.

Concluding remarks
CFD analysis helps us to reduce the cost of product
development, understand the physics of flow, and
improve the design. However, not every simulation is
bound to be successful! Validation and experience with
CFD tools are important. In addition, the quality of mesh,
definition of the physical model and boundary conditions,
the discretisation scheme, and a proper turbulence
model are important factors influencing the accuracy of a
simulation.The necessary software and experience to
produce high quality simulation results are now available
at SSPA, ready to serve customers worldwide.

Da-Qing Li

More insight into propeller performance with CFD

← Contour plot of
the pressure coefficient Cp on
a plane cutting through the
leading edge at an outer
radius.The minimum pressure
(dark blue area) occurs on the
suction side very near to the
leading edge.

Non-dimensional
helicity contour on a plane
cutting through the blade tip.
A high concentration of helicity
implies a high vorticity density
in the area.

The time-dependent
KT and KQ values on each
blade plotted as functions of
angular reference time.

In-plane velocity vector on a plane cutting through
the trailing edge just behind the tip. (Model scale.)

In-plane velocity vector on a plane cutting through the
trailing edge just behind the tip. (Full scale.)
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COAST 2005

On October 14th SSPA successfully
ended this year’s Sida funded
Advanced International Training
Programme: Sustainable Coastal
Development, COAST 2005. 25
participants from maritime coun-
tries in Africa, Asia, Latin America,
the Caribbean, Eastern Europe and
the Middle East happily received
certificates after active participation
in this comprehensive five week
programme, conducted by SSPA in
close cooperation with the Kalmar
University.The target group consists
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and Expo, Houston,Texas, USA,
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7th Symposium on High Speed
Marine Vehicles, HSMV 2005,
Naples, Italy, September 14–16,
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of intermodality”. Paper present-
ed at 8th NECTAR Conference,
Las Palmas, Gran Canaria, June
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Hua, J.: “Toward a mixed solution for
ship manoeuvre simulation in
restricted water”. SSPA Research
Report No. 130, 2005.

Leer-Andersen, M., Larsson, L.,
Andreasson, H: “Skin Friction
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presented at 2nd International
Symposium on Seawater Drag
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23–26, 2005.
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SNAME Maritime Technology
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2005.

Li, D.-Q., Leer-Andersen, M.: ”Quasi-
steady and unsteady RANS calcu-
lations of highly-skewed propeller
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Workshop on Ship
Hydrodynamics, IWSH’2005,
Shanghai, China, September
24–27, 2005.

Styhre, L.: “Towards improved port
performance in intermodal trans-
portation”.Thesis for the degree
of Licentiate of Engineering,
Division of Logistics and
Transportation, Chalmers
University of Technology,
Göteborg, Sweden, 2005.

Boat building in Kinundoni,
Tanzania, where SSPA’s ongoing coastal
project KICAMP is located.
PHOTO: JIM SANDKVIST

of senior technicians, planners, deci-
sion makers, environmentalists,
among others.The programme
includes lectures, workshops, project
work, study visits and practical exer-
cises.The aim of the programme is
to establish a better knowledge of
integrated coastal zone planning
and management as well as sustain-
able use of coastal areas.The con-
tent and intended goals very much
reflect SSPA’s competence and
engagement in sustainable coastal
zone development projects.

Jim Sandkvist

SSPA provides predictor for
high speed craft

In the next two years, Stena Line
will be replacing the Integrated
Bridge Systems (IBS) on their High-
speed Sea Service (HSS) ferries
Carisma, Explorer,Voyager, and
Discovery. Imtech Marine & Off-
shore, based in Rotterdam, the
Netherlands
(www.imtechmarine.com), was cho-
sen to deliver the systems which,
among other components, include
an ARPA Radar, an Electronic Chart
Display and Information System
(ECDIS) and a Conning system.
SSPA is proud to have been con-
tracted by Imtech to deliver a new
and updated predictor function for
the ECDIS.

SSPA’s Hydrodynamic Predictor
(HdP) is a highly advanced naviga-
tion and manoeuvring aid, which is
used for continuous dynamic posi-
tion prediction. Predictions can be

presented for up to ten positions in
the range 0–1000 s. Stena Line’s
HSS bridge officers will be able to
steer and control the ship in a safer
and more accurate way, as the ship’s
contour, presented in a variable
number of predicted positions
ahead, will be visualised on the
ECDIS display.The HdP uses an
advanced mathematical model of
the ship’s hydrodynamics to calcu-
late the ship’s predicted positions.
Output data from the dynamic pre-
dictor comprise the ship’s course,
speed, and position.

The HdP is customised for each
individual ship and SSPA has
improved on its capabilities on sev-
eral accounts.The overall reliability
and accuracy has been greatly
increased compared to the present
predictor, thus making an already
much used tool an even more
powerful manoeuvring aid for Stena
Line’s HSS officers.

Riku Kotiranta
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