
Notes for the Students by Marilena Greco: 

In the following, a list of topics is given. Some topics have been proposed by SINTEF Ocean. 

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. Bio-inspired vehicles: hydrodynamic investigations. 
 

Background: Fish can be quite fast and efficient swimmers, highly skilled in cruising and 

manoeuvring their bodies. Some can move at speeds equal to several body lengths per second or reach 

accelerations much larger than gravity acceleration. Understanding the unsteady fish hydrodynamics 

relevant for these important fish skills can guide towards novel bio-inspired concepts for underwater 

vehicles and robots.   

 

Within the Centre of Excellence NTNU AMOS, we are heavily interested to bio-inspired studies and 

interested in performing theoretical, numerical and experimental investigations. For example, 

preliminary tests on sea bass locomotion have been carried out in an authorized circulating channel 

(see Fig. 1), in collaboration with the Italian research institute CNR-INM.  
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Figure 1 Experiments on life fish: top view and acceleration measurements. 

 

Our plan is to carry on systematic investigations, learning from the physical tests and related analysis, 

performing advanced CFD simulations and then identifying links between relevant parameters 

governing the physical phenomena. Because of the interests in several hydrodynamic scenarios within 

bio-inspired studies, we will define detailed plans for Project and MSc theses based on the individual 

interest of the student/students.  

 

 

 

 

 



2. Experimental and theoretical study of sloshing scenarios in an upright circular 

cylindrical tank. 
Fish farming in floating closed cages has gained increased interest among Norwegian fish farmers in 

recent years.  The main motivation is to have better control over the water quality, so to avoid the 

problem with salmon lice and to gain access to new licenses for production. Traditionally, farming of 

Atlantic salmon is performed in floating open-net cages, where water inside the cage exchanges with 

the surrounding water. A major challenge for the traditional production is the problem of sea-lice 

infections, caused by contaminated water from the environment. By use of closed cages, the water 

volume for production is separated from the surrounding water, making it possible to minimize the 

risk for sea-lice infections by controlling the water quality inside the cage. Several different closed-

cage concepts have been proposed with various geometric shapes, structural properties and 

engineering materials. We will focus on closed rigid cages with circular cylindrical shape (left of Fig. 

1). The phenomenon of sloshing and swirling inside the cage then becomes an issue, which is a 

resonance problem where large wave motion can be generated at certain wave periods and may 

significantly influence the behavior of the structure in waves.  In particular, the occurrence of swirling 

may lead to very large amplification of free-surface elevation inside the cage. In order to guarantee the 

robustness of the cage and the welfare of the fish, it is necessary to have a better understanding of the 

sloshing phenomena inside the cage. 

This project and Msc thesis will focus on the internal water, mainly through model experiments and 

theoretical studies to increase the understanding of sloshing inside a rigid-circular-cylindrical cage 

excited by horizontal harmonic forcing. Particularly, the attention will be paid to determine the 

existence conditions for planar waves and swirling, right of Fig.1, and critical filling depth, expressed 

as filling depth-to-cylinder radius ratio, for the occurrence of multiple resonances in the internal water, 

see Faltinsen et al.(2016). The obtained results will be useful for understanding the response of the 

cage in waves. If time allows, CFD studies of selected scenarios will be examined. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Left: circular cylindrical cage (Photo from SINTEF Ocean). Right: Effective frequency domains for 

stable steady-state waves and chaos in the (/1, 2a/R0)-plane for an upright circular cylindrical tank with 

h/R0=1.5 from Faltinsen and Timokha (2009). 2a  is forcing amplitude in sway, R0 is the radius and h is the 

water depth. is forcing frequency. 1 is the first natural sloshing frequency. The solid lines are the bounds 

between the domains obtained by using the multimodal theory and the symbols are experimental bounds from 

Royon-Lebeaud et al. (2007) for planar waves (●) and for swirling (○).  
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3. 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 2 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 2. 



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. 
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4. 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. 

 



Coupled fluid structure analysis applied to slamming  

 

The present master theses will be written in connection with the SLADE project, which is a 4 

year joint SINTEF Ocean and NTNU project. The student will hence be part of a project 

which is ongoing. This means that the student will get supervision and input from NTNU and 

SINTEF Ocean.  

Project background: 

The structural response due to wave slamming is an important source of uncertainty in the 

design of offshore structures. During the lifetime offshore wind farms, offshore fish farms and 

oil and gas platforms may experience large and breaking waves impacting the side of the 

structure. The average pressure on a 3x3m^2 may reach more than 2MPa for typical storm 

conditions with 100-year return period. Information about the loads can only be estimated 

through advanced model testing in ocean basins. The picture shows this type of model test 

carried out in Sintef's ocean basin.  

A critical aspect is how to the structure will respond to these loads. The physical problem is a 

coupled FSI (Fluid structure interaction) problem. Competence in both hydrodynamics and 

structural analysis is required to study the problem. The detail of the work will be fitted to the 

student wishes and ambitions. The three following topics are provided as examples of master 

thesis topics. 

Topic 1: "Advanced coupled FSI analysis of drop test" 

The aim is to obtain more knowledge of the fluid structure interaction (FSI) during slamming 

through the detailed study of drop test, where the structure impacts a calm free surface. The 

structure can be a cylindrical structure with a circular cross section. This is a relevant 

structural shape for many offshore structures.  



One option is to study these simplified problems using commercial FSI softwares like LS-

Dyna. The student may then carry out heavy fluid structure interaction calculations (FSI) 

using super computers. 

 

 

 

Topic 2: "Reproduction of experimental wave slamming events using slamming theory" 

A second option is to study existing model test slamming force measurements of design 

critical slamming events and reproduce the impact using slamming theory.  The student may 

use existing slamming theory or may also develop their own models. The student may create 

their own computer programme to study in depth the hydrodynamics of a few design critical 

slamming events. The topic would require special interest in hydrodynamics.  

 

Topic 3: "Structural response calculations based on slamming force measurements" 

The student is to analyse the structural deformations due to wave slamming. The student will 

get access to slamming force measurements from model tests of a platform structure. The 

student will create a finite element model of the local structure exposed to the slamming 

loads. The slamming loads measured from model tests will be imposed on a finite element 

model of the structure in order to calculate the structural response.  

 

The student may establish an efficient analysis procedure which allow for simulations of the 

hundreds of slamming impacts which occurs during a 3 hour storm. The student may analyse 

the experimental slamming force measurements including video in order to assess the type of 

slamming impact. The impacts should be categorized according to the dominant physical 

effects of the impact.  

 

The uncertainty of the analysis should be checked. The estimate of added mass should be 

investigated in depth using appropriate software and analysis methods. How large is the 

sensitivity of the assumed added mass? What is the relation between the slamming load 

maxima and the deformation maxima of the structure? Is the response proportional to the 

slamming force peak or the impulse? 

 

Students interested in these topics can contact: Bjørn C. Abrahamsen for more information. 

Email: bjornab@sintef.no. 
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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. 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 
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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 
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