
Notes for the Students by Marilena Greco: 

In the following, a list of topics is given, some have been proposed by companies and 

research institutes and other from them are expected in May. Other topics could be identified 

in agreement with the students interested in studying hydrodynamic problems.  
 

This information will be also available on http://folk.ntnu.no/marilena/ and could be updated. 
Please check the website if you are interested. In case of any doubt/need of information about 

any of the proposed topics, please just contact me. Sincerely yours, marilena. 

http://folk.ntnu.no/marilena/


 

1. Failure mechanism for oil booms (containment devices for spilled oil). 

  

 

Background: Oil booms are in general a good alternative for containment and recovery of spilled oil. 

However, they can experience failure in certain range of waves and current. Failure means that part of 

the oil is able to leave the containment zone. A recent (almost) 2D experimental study on three 

different boom geometries, suggested an influence of the vortex shedding from the bottom of the 

boom on the failure occurrence and features.  

 

The following project/master theses can provide work for one or two students. The detail of the work 

will be finalized with the student/students. 

 

Project thesis: The project thesis should consider 

1. A literature study on the investigations carried on oil booms numerically and experimentally and 

the state-of-the-art knowledge gained.  

2. A CFD method for multiphase viscous flows will be selected among possible available (e.g. 
OpenFOAM), studied and applied for some preliminary investigation of a 2D boom in the 

experimental conditions but assuming no oil and the free-surface as a rigid wall to investigate the 

features of the vortex shedding phenomenon, performing a convergence analysis of the results. 

Examine influence of using laminar and turbulent flow condition for the finest examined grid. 

 

MSc thesis: In the MSc thesis  

1. A short summary of the Project thesis will be done, reporting with main findings.  

2. The numerical investigations started in the project work, will be continued considering 

alternatively the following strategies:  

A. Influence of environment on the failure: Study of the failure mechanisms for the same boom 

geometry used in the project by reproducing the experimental conditions with different 

oscillatory inflow conditions. Compare with the experiments the flow features (e.g. evolution 

of vortical structures from the boom), the occurrence of failure and the amount of oil involved 

in the failure.  

B. Influence of body geometry on the failure: Study and compare of the failure mechanisms for 

the three boom geometries studied experimentally at least one experimental oscillatory inflow 

condition. Compare with the experiments the flow features (e.g. evolution of vortical 

structures from each boom), the occurrence of failure and the amount of oil involved in the 

failure.  

3. If time allows perform additional numerical simulations to complement the analyses from the 

experiments for the A/B studied case, draw the conclusions and provide suggestions for future 

work. 

 

 



2. Bio-inspired vehicles: hydrodynamic investigations. 

 

Background: Fish and mammals can be marine vehicles with 

high hydrodynamic efficiency. Some of them are able to use 

their compliant skin, their mucus, or their skin micro and macro 

features to reduce the frictional stresses along their wetted 

surface or to limit/suppress vortex shedding from their body. 

These aspects can reduce the resistance experienced by the 

animal and some of them can improve the steering 

performances.  

 

The following project/master theses can provide work for two to four students. 

 

Project thesis: The project thesis should consider 

1. The project theses should consider a literature study on the available investigations on the 

behaviour and features of aquatic animals with emphasis on their hydrodynamic efficiency, as well 

as on the state-of-the-art on bio-inspired vehicles and technologies. For the literature study on real 

fish, emphasis to fish that use their body and the caudal tail to swim should be given (i.e. 

subcarangiform swimmers) as they will be considered in the numerical investigations of project 

and master theses. 

2. Select a fish geometry and simplify it as an ellipsoid, without/with model of the caudail tail, 

without/with fins. An alternative would be to model a fish feature, i.e. only the caudal tail or only 

a fin.  

3. Select a CFD method among possible available (e.g. OpenFOAM). The solver should be able to 

handle the large motions of a swimming fish in infinite water domain. Describe the method and 

apply it to perform preliminary study of the fish-like structure or of the fish-like feature in a 

forward motion and with lateral oscillation resembling a fish locomotion. Perform a numerical 

convergence analysis. Examine influence of using laminar and turbulent flow condition for the 

finest examined grid. 

 

MSc thesis: In the MSc thesis  

1. A short summary of the Project thesis will be done, reporting with main findings.  

2. The numerical investigations started in the project work, will be continued performing a 

systematic analysis of the flow features around the fish at different forward speeds and oscillation 

amplitudes. The following aspects can alternatively be focused on:  

A. Boundary-layer flow features assuming laminar and/or turbulent conditions for the fish-like 

ellipsoid and the vortex shedding phenomenon considering a rigid body or a simplified beam 

model for the fish. 

B. Vortex shedding features for the selected fish features. 

C. Interaction effects of the main fish-like body and its features during locomotion. 

3. Draw the conclusions and provide suggestions for future work. 

 

 



3. Hydrodynamics of underwater snake robots 

 

 

 

Configuration 1: Smooth gliding surface Configuration 2: Active fins 

Background: Underwater snake (eel-like) robots bring a promising prospective for improving the 

efficiency and maneuverability of modernday underwater vehicles. However, for swimming robots, 

the dynamic modeling of the contact forces is most complicated compared to the modeling of the 

overall rigid motion and the dynamics of the body deformation. Hence, the hydrodynamic modeling 

task presents a major challenge. The existing analytical models are based on a simplified propulsive 

model that only provides a rough prediction of the effects of hydrodynamics on swimming robots. So, 

in order to obtain an accurate prediction of the hydrodynamic forces acting on the joints of the 

underwater snake robots, it is necessary to conduct the dynamic analysis of the surrounding fluid by 
computational fluid dynamics (CFD) program. CFD simulations are a useful tool that provide good 

understanding of the complex physics of the flow phenomena involved in the fluid dynamics. 

Project thesis: The project thesis should consider  

1. Perform a literature study on underwater swimming robots, focusing on underwater snake robots. 

Select a targeted snake robot geometry for which the numerical studies will be performed. 

2. Select a CFD method among possible available (e.g. OpenFOAM). The solver should be able to 
handle the large horizontal motions of a swimming snake-robot in infinite water domain. Describe 

the solver and apply it in 2D to investigate a single module of a snake robot with prescribed 

swimming motion in the examined 2D horizontal plane (i.e. consider as geometry of the ‘2D’ 

module its projection in the motion plane). Perform numerical convergence analysis of the solver. 

Examine influence of using laminar and turbulent flow condition for the finest examined grid. 

3. Start a systematic investigation as follows: Apply the solver to study one, two, three and four 

joined 2D modules of the snake robot in prescribed motions, with the discretization identified in 

step 2 and with at least three different amplitude of the snake mode oscillations. Investigate the 

local and integrated loads on each module and at their joints as a function of the parameters of the 

snake motions and of the number of the modules to establish parameter dependence of the 

hydrodynamic loads. 

 

MSc thesis: In the MSc thesis  

1. A short summary of the Project thesis will be done, reporting with main findings.  

2. The numerical investigations started in the project work, will be continued to establish the 

parameter dependence of the hydrodynamic loads so to identify a proper modelling of them useful 

for model-based control strategies of them. Compare studied loads with loads models presently in 

use in snake robots.  

3. The following analysis should be carried until time allows:  perform a 3D study of one, two, three 

and four modules of the snake robots as performed in 2D to identify influence of 3D effects in the 

hydrodynamic load features. 

4. Draw the conclusions and provide suggestions for future work. 

 



4. Proposal for MSc Thesis: Experimental Study of 2D Ship Section in Waves 

Background 

When designing the station keeping system for a floating structure, it is important to ensure that this is 

able to withstand the environmental loads in order to maintain the integrity of the system. In terms of 

wave effects, the slowly varying wave drift loads represent the most important components in this 

respect. These have traditionally been found from linear or second-order hydrodynamic analyses based 

on perturbation theory. However, during recent years it has been questioned whether these methods in 

some situations underestimate the wave drift loads. Indeed, it is shown that the wave loads can differ 

when waves are steep and/or when the first order motions of the floating body are large. 

Proposed Scope of Work 

 

Figure 1 Sketch showing numerical setup from (Tanizawa et al., 1999). 

In 1975, Nojiri and Murayama (1975) published an experimental study on the wave drift forces on a 

two-dimensional (2D) ship section in regular waves. Experimental results from this study have been 

used as a reference to benchmark numerical results by numerous authors during the last three decades, 

such as e.g. Tanizawa et al. (1999). However, since the original publication is old, and also written in 

Japanese, the details of the experiments are not well known. This includes parameters that are 

important to determine the experimental accuracy and possible error sources. 

It is therefore proposed to repeat these experiments, as well as make use of the most recent knowledge 

related to wave drift loads to extend the study. A tentative outline of the research would be: 

Repeat the experiments performed by Nojiri and Murayama (1975) and compare motions, wave 

reflection and transmission coefficients and wave drift forces with the original experiments. Make a 

systematic error analysis. 

Perform an experimental sensitivity study on the effect of wave steepness and body motions on the 

wave drift loads. 

Based on the above, determine some relevant sea states and perform experiments in irregular waves. 

A schematic sketch indicating the setup in the original experiments is shown in Figure 1. 



Expected Outcome 

The case is studied as part of an ongoing PhD activity at the department, where the need for redoing 

these experiments has been identified. The proposed study will be a valuable contribution to this work. 

Furthermore, the outcome of the study may contribute with fundamental knowledge that is important 

to bridge identified knowledge gaps for wave drift loads and slowly varying motions of floating 

structures with respect to nonlinear wave-body interaction effects. 

References 

NOJIRI, N. & MURAYAMA, K. 1975. A study on the drift force on two-dimensional floating body in regular 
waves. Transactions of the West-Japan Society Naval Architect, 51, 131-152. 

TANIZAWA, K., MINAMI, M. & NAITO, S. Estimation of wave drift force by numerical wave tank.  The Ninth 
International Offshore and Polar Engineering Conference, 1999. International Society of Offshore and 
Polar Engineers. 
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PROJECT DESCRIPTION 

Candidate's name: 

Course: 

Project task title (Norwegian): Modellering av miljøforstyrrelser som påvirker overflate- og 
undervannsfartøy på havbruksanlegg 

Project task title (English): Modelling of environmental disturbance that affecting surface 
and subsea vessels at aquaculture sites 

Task description: 

Aquaculture and Fisheries are important global contributors to the production of seafood for human 
consumption, and in 2016 these industries produced in Norway more than 2 and 1.3 mill. t. of 
marketable fish meat, respectively. Current state-of-the-art technologies and operations for sea-based 
aquaculture farms are highly dependent on manual labour and close human interactions with the 
process and cage structures while in the future the fish farming industry will have to monitor and control 
the production process by employing autonomous vehicles for inspection and intervention tasks to 
reduce risk and costs, and improve sustainability. Placing new farms in more exposed areas to increase 
production also highlights the need for operations that are more autonomous. Inspection and 
intervention operations in fish farms bring extra challenges compared to the Oil and Gas industry with 
respect to the modelling and control of underwater vehicles operating in such challenging environment 
with flexible and deformable structures. To make  autonomous operations in fish farms possible, it is 
important to build fundamental knowledge regarding the hydrodynamic loads experienced by 
underwater and surface vehicles during autonomous operations. For these reasons, precise modelling 
of the environment, the flexible structures and detailed modelling and control of the vehicle is crucial to 
address the current and future needs of fish farm industry. 
 
This project / Master Thesis assignment 
aims to model the environmental 
disturbances and hydrodynamic loads 
that affect underwater vehicles with 
specific focus on surface and subsea 
operations at aquaculture sites, hence 
taking into account for the interaction 
between cages, nets, mooring lines and 
chains, and the current, the waves and 
the wind. The models and controllers 
shall be implemented in the FhSim 
simulation environment developed in 
SINTEF Ocean and they could be verified 
in full-scale field trials in SINTEF ACE 
facilities due to the close supervision and 
collaboration with Researchers in SINTEF 
Ocean. FhSim includes numerical models 
of fish behaviour, flexible aquaculture 
and fisheries systems and the sea environment (i.e. waves and current) that could be used as a basis for 
the modelling and control concepts development in this project. The topics to be investigated in this 
project / Master thesis are also very well-aligned with the ARTIFEX project coordinated by SINTEF Ocean 
and project partners Maritime Robotics AS, Argus Remote Systems AS, Lerow AS, NTNU and WavEC. 
 

Figure 1. Illustration of the ARTIFEX concept (A.M. Lien, SINTEF Ocean AS) 
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In particular, as an important step on introducing more autonomous operations in fish farms, the 
ARTIFEX project is aiming to develop game changing technologies for future remote operations at fish 
farms where the main objective is to develop robots for regular remote inspection, maintenance and 
repair operations without onsite personnel. An Unmanned Surface Vehicle (USV) is used as a platform 
for carrying a Remotely Operated Vehicle (ROV) for underwater operations as well as a Remotely Piloted 
Aircraft Systems (RPAS) for airborne inspection tasks (see Error! Reference source not found.). The USV 
will travel between different aquaculture sites and its land base. The results from ARTIFEX project will 
yield new and ground-breaking products and services that will unlock unmanned operations in 
aquaculture hence minimizing the risk for personnel. This will also expand the weather window for 
operations on remote and exposed sites. The Artifex platform will operate in a potentially hostile 
environment where waves, current and wind interact with flexible floating structures, hence rendering 
the relative motion between the USV / ROV / RPAS and the structures very difficult to predict, especially 
at exposed sites [1]. The ROV and the USV in the Artifex project require proper motion controllers to 
accomplish the assigned tasks automatically, and such controllers must prove functional also in harsh 
weather [2]. Therefore, the validation of these controllers requires detailed modelling of environmental 
disturbances and their interaction with the structures [3], since this is fundamental to assess robustness 
of the controllers before using them in such a challenging environment. 
The subtasks of the project/Master thesis are: 

1. Literature review in relation to: 
a. Hydrodynamic loads that the underwater vehicles and flexible structures can 

experience at exposed aquaculture locations [1], [1] 
b. Modelling of the hydrodynamic effects during operations on fish farms with regards to 

the interactions between vessels and cages [3], [4], [5] 
c. Relevant inspection and intervention operations executed at fish farms with the 

overall goal to increase autonomy in this field [6] 
2. Precise and more realistic modelling of the most relevant environmental disturbance due to the 

current, wave impact and hydrodynamic loads that affect surface and underwater vehicles at 
aquaculture sites. 

3. Implementation of the hydrodynamic models in FhSim simulation environment which gives the 
potential to extend the already existing numerical models of fish behaviour, flexible 
aquaculture and fisheries systems and the sea environment (i.e. waves and current) by 
developing more advanced models of dynamically changing environment developed in 2. 
Combination and approximation of the models into a single disturbance vector for control 
validation purposes. 

4. Combine the existing models of the underwater and surface vehicles in FhSim by integrating 
the hydrodynamic models implemented in 3. 

5. Implement simple control concepts (i.e. path following, trajectory tracking, DP control, etc) for 
USV and RON motion using the complete models in 4 as preliminary illustration of realizing 
autonomous underwater operations in fish farms. 

Note that the student will have the opportunity to participate to a field trip to the SINTEF ACE fish farm 
(Figure 2) for learning purposes. 

Inputs  Literature material 

 Existing FhSim code 

 List of operations to be performed by the Artifex platform at a fish farm 

Outputs  Project report describing the most relevant environmental disturbance 
that affect surface and subsea vessels at aquaculture sites and their 
models 

 Implementation of the models in FhSim 

Specification and 
required data 

 Existing numerical models 

 Simulation environment 

 

References: 

[1] P. Lader, D. Kristiansen, M. Alver, H. V. Bjelland and D. Myrhaug "Classification of Aquaculture 
Locations in Norway With Respect to Wind Wave Exposure", Proc. of the 36th International 
Conference on Offshore Mechanics and Arctic Engineering, Trondheim, Norway, June 2016. 

[2] A. J. Sørensen, "Structural issues in the design and operation of marine control systems", Annual 
Reviews in Control, 29(1):125–149, 2005. 
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[3] O. M. Faltinsen, Sea Loads on Ships and Offshore Structures. Cambridge, U.K.: Cambridge Univ. 
Press, 1990. 

[4] Y. Shen, M. Greco and O. M. Faltinsen, "Numerical study of a coupled well boat-fish farm system in 
waves and current during loading operations", Proc. of12th International Conference on 
Hydrodynamics, Egmond aan Zee, The Netherlands, 2016, 

[5] P. Li, O. M. Faltinsen and M. Greco, "Wave-induced accelerations of a fish-farm elastic floater: 
experimental and numerical studies", Journal of Offshore Mechanics and Arctic Engineering, 2018 

[6] P. Rundtop and K. Frank, "Experimental evaluation of hydroacoustic instruments for ROV 
navigation along aquaculture net pens", Aquaculture Engineering, vol. 74, 2016. 

This work will be supervised by Prof. Marilena Greco (NTNU) and co-supervised by Prof. 
Kristin Y. Pettersen (NTNU) and Eleni Kelasidi/Walter Caharija (SINTEF Ocean). 

 

The assignment is given on date: 

Deadline for report delivery: 

Report delivered on: 

Performed at the Department of Technical Cybernetics 

Co-supervisor: 

 

 

Place and date: 

The lecturer (name and signature): 

 

 

Figure 2. Rataren fish farm, SINTEF ACE full scale laboratory, picture taken from RPAS 



Topics from Aktis Hydraulics 
Aktis Hydraulics is currently looking for a student who would be interested to undertake a trainee period 
project or a final MSc project in the field of Naval Architecture / Ship Hydrodynamics, on one of the 
following topics: 
•    Evaluation of mean (static) loads to derive the equilibrium position of the moored vessel (terminal 
and or catenary moored) to enable an environmental sweep and, subsequently, to serve as a starting 
position in for a large motion simulations such as a vessel moored in a Single Point Moorings (potentially 
elaborated to large motion modelling). 
•    Evaluation of slowly varying vertical motions (set-down) for sailing ships in waves for shallow water 
access channels; 
•    Evaluation of squat in narrow access channels with berms and steep channel slopes.  
  
The research topics can be tailored to meet the candidate’s interest as well as expanding the topics to 
meet the studies project requirements (e.g. including a literature survey and or expansion of the project 
to meet a project time line of 9 months instead of 6 months if necessary). 
  
Contact Person for further details:  
  
Olger Koop 
Director Ship Hydrodynamics 

Mobile: +31 6 455 32 903 
Office:  +31 38 202 0080  
Email: olger.koop@aktishydraulics.com 
Skype: bmt_olger.koop 

 
 

mailto:olger.koop@aktishydraulics.com


Proposals for Master Theses at Dr. techn. Olav Olsen,   

Hydrodynamics 

 

 

 

 
1. Coupled analyses for offshore wind application, including support structure and wind 

turbine. A number of concepts can be relevant. Model test results can form the basis for 
further work and calibration of simulation models.  

 

 

 

  



2. Behaviour of floating wind turbine foundations. Parameter study, for example study 
combinations of steel and concrete, main dimensions, damper plates etc. 

3. Hydrodynamic loads for OO-Star Wind Floater 
Studies based on CFD for current and/or wave load for OO-Star Wind Floater and estimating 
impact on mooring system design. 

4. Fully coupled simulation of OO-Star Wind Floater including potential theory loads and 
structural dynamics 
Large volume offshore wind floaters are typically analysed with beam models and Morison 
theory. There is a need to develop analysis approaches that can account for both potential 
theory and Morison theory in fully coupled simulations. Different approaches can be 
relevant:  

a. Evaluate the expected structural dynamics of the floater, to check if a rigid floater 
model can be used.  

b. Develop a framework for a fully coupled model including floater dynamics and 
possibly hydroelasticity. 

5. Evaluation of effect of hydroelasticity for design of the OO-Star Wind Floater 
The hydroelastic effects can be estimated for potential theory with available software. It 
would be of interest to preform simulations to estimate the actual impact of such effects on 
the structural loads and to provide guidance for further design of the concept.  

6. Second order effects for floating offshore wind foundations with catenary mooring 
Literature study, evaluation of model test data (if available), comparison of different 
approaches and estimation of impact on mooring design 

7. Mooring of shallow water floating wind foundations. Special challenges for case with strong 
currents and waves in shallow water. Use of underwater buoys/clump weights or other 
mitigation actions for better characteristics. It could also be relevant to include shallow water 
wave theory.  

 

  



 
8. Correlation length of hydrodynamic loads. The hydrodynamic loads an extreme strait 

crossing is subjected to will vary along the several kilometer long span. What effects does the 
correlation length of the wave and current loading have on the dynamic response of such a 
structure?  

9. Evaluation of mooring of large floating quay or city development structures at shore 
 

10. Optimization of pontoon shape and configuration for loading on floating bridges. 
 

11. Investigation of multi-body interaction for floating bridges. 
 

12. Optimization of mooring and buoyancy elements of floating closed fish farming 
 

13. Sloshing phenomena closed fish farming (or generic for circular vs rectangular) 
 

14. Investigation of potential for CFD in general load mapping and load transfer for offshore 
structures. Time-domain vs frequency domain load transfer approach. 
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