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Hydrofoils on pod for electrical propelled low speed vessels
Conceptual development and efficiency investigation of hydrofoils on pod for leisure and
commercial vessels
DENNIS KÖHLBERG, HELENA WEINGARTEN
Department of Industrial and Material Science
Division of Product Development
Chalmers University of Technology

Abstract
The marine industry is facing changes, decreasing the emissions and environmental foot-
print of leisure and commercial vessels, implying imperative aspects to decrease the energy
required to propel the vessel and the implementation of electrical propulsion systems. Hy-
drofoils have in the past been utilised to lift hulls out of the water, decreasing the energy
required to propel the vessel, although this requires advanced system control. This project
investigates the beneficial aspects of affecting the hull with a lift force at the stern, without
lifting the entire hull out of the water at a primary speed of 15kn. The project develops
concepts of hydrofoils implemented on the pod, focusing on a total lift-force of 7500N ,
decreasing the resistance of the hull up to 12%, evaluating and validating different char-
acteristics and solutions.

Starting the product development with an extensive design-space and decreasing it succes-
sively as information and knowledge are generated and gathered, concluding and scoring
concepts to generate the concept catalogue of four concepts. These were concluded by
performing extensive calculations regarding hull resistance with the method of Savitsky,
and forces generated by wings/hydrofoils with generic equations and 2D-Computational
Fluid Dynamics. During the development, material research and evaluation in regard
to the concepts have extensively been explored and conducted. Concluding reinforced
POM-C, aluminium alloys, and thermoset composites as viable materials for the devel-
oped concepts. Reinforced POM-C with the manufacturing method of injection moulding
is concluded as the most cost-effective option, aluminium alloys with the manufacturing
method of die casting as a recyclable option, and thermoset composites with the manu-
facturing method autoclave to enable complex geometrical designs with low weight and
high strength.

The result was concluded as four different concepts in the concept catalogue, account-
ing for their properties and characteristics. The concepts are the Single, Comes Around,
Odd Dual, and Telescopic. The Single is characterised by its simplicity and low-risk
design. Comes Around is characterised by its continuously swept wing, minimising ver-
tices generated and increasing the efficiency. Odd Dual is characterised by decreasing
the spaciousness while maintaining similar efficiency as the Single concept. Telescopic
is characterised by its adjustable span width, enables the generated lift to be adjusted
accordingly, and enables a compact product when operated in shallow waters.

Keywords: Hydrofoils, Foil, Electric propulsion, Pitch, Roll, Angle of Attack, Safety,
Energy efficiency, Hull, Vessel, Conceptual development, Savitsky, Lift & Drag force.
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Nomenclature

The varibles listed below are used in the thesis:

Variables

CL Lift coe�cient [-]

CD Drag coe�cient [-]

CM Pitching moment coe�cient [-]

CP Pressure coe�cient [-]

CD 0 Pressure drag coe�cient [-]

CDf Skin friction drag coe�cient [-]

CDi Induced drag coe�cient [-]

CDmisc Miscellaneous drag coe�cient [-]

CL 2D Lift coe�cient in 2D [-]

CM 2D Pitching moment coe�cient 2D [-]

CP 2D Pressure coe�cient [-]

� Cavitation number [-]

Pref Surrounding pressure [Pa]

Pvap Vapour pressure of medium [Pa]

V ref Free �ow speed of medium [m/s]

� Angle of attack [deg]

D foil Drag force foil [N]

Ffoil Lift force foil [N]

Re Reynolds number [-]

e Oswald factor [-]

b Span Width [m]

S Planform area [m2]

c Chord length [m]
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Variables for Savitsky method

� 0 Mass displacement [lb]
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T Propeller thrust [lb]

D f Frictional drag force component [lb]
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V Horizontal velocity [fps]
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CL� Lift coe�cient, � >0 [-]

� Mass displacement [lb]

� Mass density of water [lb/ft3]
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� Mean wetted length-beam ratio [-]

pd Average Dynamic pressure [lb/ft2]

V1 Mean bottom velocity [fps]

� Kinematic viscosity [ft2=sec]

Rn Reynolds number [-]

' Mass density of water [lb*sec2=f t ]

y Speci�c weight of water [lb]

Cf Friction drag coe�cient [-]

Cp Distance of center of pressure [-]

D Total drag of hull [lb]

LCG Length from stern to center of gravity [ft, m]

VCG Height from stern to center of gravity [ft, m]

LCGfoil Length to center of gravity from foil [ft, m]
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C Special case variable [-]
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Z Section modulus [m3]
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M 1;2;3;4 Material index [-]
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1
Introduction

This report incorporates product development of conceptual hydrofoils on pod for electri-
cal propelled low speed vessels, investigating the utilisation of hydrofoils to increase the
user experience and the e�ciency of propulsion, by a�ecting the hull with a lift force at
stern without lifting the entire hull out of the water. The chapter Frame of reference, ad-
dresses the theoretical aspects utilised within the project, enabling the reader to acquire
the knowledge necessary to comply with certain decisions and outcomes. The Method ad-
dresses the overall methodological approach used within the project, de�ning the process
and the established methods. The Development of hydrofoil concepts includes the whole
development process, including the initial and �nal investigations of hull resistance and
customer needs, the extensive material research and evaluation, as well as comprehensive
evaluation and assessment of the invented concepts. The Concept catalogue concludes the
the outcome of the Development of hydrofoil concepts, presenting each concept and ad-
dressing its aspects on one page each. If the recipient is interested of the characteristics,
qualitative, and quantitative evaluation regarding the principle concepts, should incor-
porate the sections Generated concepts 4.3.4, Calculations & Evaluation 4.4.1, Concept
synthesis & Evaluation 4.6.2, Validation of hull e�ciency 4.7.2, and Concept catalogue 5.

1.1 Background

Motorboats of today consume a tremendous amount of fuel impacting the environment
negatively. As the focus on climate change and sustainability is rapidly increasing the
boat-industry has to adapt, providing the market with more e�cient and sustainable solu-
tions [1]. The sustainability focus of today's society requires change in human behaviour
and innovative solutions, adapting to the new circumstances and new laws generated, im-
plying that the usage of boats will change. Developing products which entail comfortable,
safe, and e�ortless boat travel and ownership, and decreasing the environmental impact
will contribute to these aspects.

Volvo Penta is market-leading within propulsion systems for motorboats, pushing the
technology forward [2]. Their existing product, the IPS-pod, is manufactured in bronze,
equipped with engine power up to 1000hp, utilised on boats in the size range of 30-100+
feet, and focuses on speeds of +20kn. The pod has forward-facing, twin counter-rotating
propellers, by rotating the pod, the direction of the boat can be changed. This entails
a higher e�ciency and top speed compared to inboard shafts. It is the most expen-
sive system among Volvo Penta's product range, targeting the segments of leisure- and
commercial marine [3]. The IPS-system was launched in 2005, since then few principle
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propulsion changes have been performed regarding the product, implying that the product
is designed due to the requirements and technical feasibility existing almost two decades
ago, enabling possible improvements within the concept.

In the industry of boat building, manufacturers are developing more energy-e�cient hulls,
hybrid- and electrical propulsion systems, focusing on energy consumption and green
energy sources, protecting the ocean life and decreasing the environmental impact [1].
Within the industry energy e�cient hulls targeting the unconventional speed range of
10-20kn stars to emerge, due to the increased focus on energy e�ciency these speeds are
of interest as the necessary power demand could be decreased. Hydrofoils have in the
past been utilised to lift hulls out of the water and decrease the required energy to propel
the vessel. As the market start to focus on energy e�ciency, hydrofoils has once again
become a hot topic, enabling the energy consumption propelling the boat to be decreased
[4].

1.2 Aim

This master thesis aims to develop conceptual hydrofoils implemented on the pod, gener-
ating a lift force at stern of the hull, investigating and concluding the bene�cial aspects.
Considering implementation of hydrofoils without lifting the entire hull out of the water,
at a target speed of 15kn and endeavour to decreasing the hull resistance, to comply with
the future sustainability focus. Further, incorporate enhancement of comfortable, safe,
and e�ortless boat travel within the development, future and existing customer needs can
be met. The development addresses considerations and investigations regarding the envi-
ronmental impact and adequacy of possible materials and manufacturing methods. The
outcome of the project is to deliver a concept catalogue containing extensive information,
data, and considerations regarding four di�erent concepts, with su�cient information to
enable future projects to utilise the outcome.

1.2.1 Limitations

A numerous of issues is not investigated in this project. This is because the project had
a time limitation of �ve months, and some of the issues have already been dealt with
by other parties, implying the unnecessity of reproducing the answers. The issues not
investigated / limitations during this project are as follows:

ˆ The project does not consider internal combustion engines as a part of the propulsion
system, implying exhaust gases and emissions of fossil fuel does not have to be taken
into account.

ˆ Issues regarding advanced �uid dynamics which require Computational Fluid Dy-
namics (CFD) software to be analysed, since it is too time-consuming for this
project.

ˆ Issues regarding advanced strength of material which require Finite Element Analy-
sis (FEA) software to be analyzed, to assure the concept can handle stress/strain/-
fatigue since this is too time-consuming for the project. Simpler cases have been
executed but not to the full extent where all the speci�ed areas are covered.
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ˆ Optimize or further investigate in-depth about energy-e�cient boat hulls since this
is out of the area of knowledge and would result in an additional research topic.

ˆ Prototyping nor advanced physical designs, since the vast majority of time is spent
on modelling and understanding the foils at low speeds.

ˆ Hydrofoils dislocated from pod since these products already exist on the market and
are well developed.

ˆ Develop nor change interfaces between the hull/pod, and pod/propellers, since the
hydrofoils on pod is to be used with the existing interfaces and propellers.

ˆ Limitations regarding manufacturing cost, only calculations on simpler cases are
conducted, no in depth-analysis, where the interface and system controls between
the pod and foil are not accounted for. The latter are not developed in this project
and the cost is not derived from information from the company but from a software.

1.2.2 Speci�cation of issue under investigation

From the basis of the aim, issues could be speci�ed for this project. These are the main
questions investigated during the project and answered at the end of the project. The
issues are as follows:

1. How can hydrofoils on the pod contribute to decreasing energy consumption of
energy-e�cient boat hulls in semi-displacement running conditions?

2. What material with an appropriate manufacturing method can be used for appli-
cation in the ocean-environment, enabling the design and minimising the weight of
the concept-sets?
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