
Notes for the Students by Marilena Greco: 

In the following, a list of topics is given. Some of the topics have been proposed by DNV-GL, 

SINTEF Fisheries and Aquaculture or are in collaboration with other professors at NTNU.  

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. 

 

 

1. 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.  

Project thesis: The project thesis should consider a literature study on the investigations carried on oil 

booms numerically and experimentally and the state-of-the-art knowledge gained. 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. 

MSC thesis: The numerical investigations started in the project work, will be continued considering at 

least one experimental inflow condition for all the three boom geometries. The evolution of the 

vortical structures from the booms will be compared with those in the experiments in water and oil to 

examine the interaction between the oil-water interface and the vortical structures shed by the bodies.  

 

 

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


2. Bio-inspired vehicles: hydrodynamic investigations. 

Background: Some marine animals are 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 students, which could share a common 

thesis or carry on two independent investigations. 

Project and MSC theses: The project thesis 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.  Among the 

different features, the capability of some aquatic animals to reduce/suppress the von Karman vortices 

will be examined in detail. The problem will be idealized as a 2D problem in infinite fluid with a 

steady current interacting with a rigid body mimicking some bio-featured. Three alternative shapes are 

proposed: a body with circular shape in the front and a waving shape in the aft; a flat plate or an arc of 

an ellipse with a waving shape on the top. This test case will be studied numerically with an available 

CFD solver for viscous flows (e.g. OpenFOAM). Within the project, the numerical text matrix will be 

identified in terms of current speed, body dimensions and range of wavelengths (and amplitudes) of 

the waving part of the body. Then possibly some preliminary numerical studies will be carried out. In 

the master thesis, a systematic investigation of the features of the wake shed by the body will be 

performed as a function of the wavelength (and possibly of the amplitude) of the waving part for 

selected current speeds. The outcomes from this study is relevant for designing an experimental 

activity on this subject.  

 



3. Underwater robotics – Computational Fluid Dynamic (CFD) Modelling of Underwater Snake 

Robots  

Proposed by Prof. Kristin Y. Pettersen, ITK, NTNU 

 

Supervisor:        Prof. Marilena Greco, IMT, NTNU 

Co-supervisors: Prof. Kristin Y. Pettersen, ITK, NTNU 

                            Post Doc Eleni Kelasidi, ITK, NTNU 

 

 

 

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. 

In particular, this project and MSc theses will address the hydrodynamics modeling challenges of 

underwater snake robots using CFD method. This involves the modeling of the hydrodynamic effect 

of the fluid-body interaction, combined with the overall rigid body motion and the dynamics of the 

body deformation. The development of an accurate hydrodynamic model for an underwater snake 

robot consist a useful method of validating an analytical model that is mostly adapted by the robotic 

community. Previous approaches of using CFD approaches omit the fluid effect due to the joint’ 

motion between the consecutive joints by considering the robot as a unified body. The hydrodynamics 

effects from the vortices and split water effects that will be caused by the joint motion should be 

investigated. The hydrodynamic related parameters (fluid coefficients due to the drag forces and the 

added mass effects) should be identified for different configurations and modules of the robot and 

compared to the theoretical values. Also, 2D and 3D CFD simulations should be implemented for the 

underwater snake robot prototype shown in Figure above using an available and suitable CFD 

program. 

The goal of this project is to validate the analytical model derived for an underwater snake robot, 

which takes into account the added mass effect, the drag effect and the effect of a constant irrotational 

ocean current, by employing a full CFD modeling of the system. 



 

Project and MSC theses: The following subtasks are proposed 

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

To get you started, have a look at Boyer et. al., "Fast Dynamics of an Eel-Like Robot—

Comparisons With Navier–Stokes Simulations," IEEE Transactions on Robotics, 2008 and Guan 

et. al., "3D hydrodynamic analysis of a biomimetic robot fish",11th International Conference on 

Control, Automation, Robotics and Vision, 2010. Complete the literature study with recent 

related conference and journal papers on the topic. 

2. Develop 2D and 3D CFD simulations for the different configurations of the underwater snake 

robot prototype shown in Figure above. 

3. Identify the fluid forces and the fluid coefficients for the joints of the robot, i.e. for the head 

module, the tail module and the intermediate joint modules, both for stationary case and for the 

case when the robot is moving by controlling each joint based on a sinusoidal motion pattern. 

4. Capture the fluid effects identifying the fluid forces and the fluid coefficients for different 

configurations and motion types of the robot.  

5. Show the comparison results of the CFD simulation with the analytical model presented in E. 

Kelasidi, K. Y. Pettersen, J. T. Gravdahl, and P. Liljeback, “Modelling of underwater snake 

robots,” in IEEE International Conference on Robotics and Automation, 2014. 

 



4. Underwater Swimming Robots– Modeling of Underwater snake robots with thrusters robotics  

Proposed by Prof. Kristin Y. Pettersen, ITK, NTNU 

 

Supervisor:        Prof. Marilena Greco, IMT, NTNU 

Co-supervisors: Prof. Kristin Y. Pettersen, ITK, NTNU 

                            Post Doc Eleni Kelasidi, ITK, NTNU 

 

 

Background: Underwater snake robots (USRs) 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. In Kelasidi et al. (2014) an analytical model for underwater snake 

robots in closed-form is derived taking into account the linear and nonlinear drag forces, the added 

mass and the ocean current effects. Furthermore, a model of underwater swimming manipulator 

(USM) moving in 2D derived in Sverdrup-Thygeson et al. (2016) by modifying the kinematic 

equations and the equations of motion developed for a USE in Kelasidi et al. (2014) to accommodate 

the different mass and length of each link, and combine them with the forces from additional effectors, 

such as a caudal tail, fins, stern propeller, and tunnel thrusters.  

This Project and MSc theses will address the hydrodynamic modeling of the additional effectors by 

developing the model of tunnel thrusters and stern propeller in analytical form and combine them with 

the model of the USM derived in Sverdrup-Thygeson et al. (2016). This involves modeling of the 

hydrodynamic effects of the fluid-body interaction combined with the overall rigid body motion and 

the thrusters. 

The goal of this project is to derive an analytical model for an underwater snake robot with tunnel and 

stern thrusters. 

 

Project and MSC theses: The following subtasks are proposed 

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

and the thruster’s model. 

2. Develop a model of the tunnel thruster and stern thruster. 



3. Combine the model of the thrusters with the model of USM derived in Sverdrup-Thygeson et al. 

(2016). 

4. Simulate the model and study the locomotion of the robots for different configurations.  

5. Show comparison results regarding the locomotion efficiency with and without using thruster 

modules and with and without using body undulation.   

6. The simulation results can be compared with already obtained results using the underwater snake 

robot Mamba with thrusters. 



 
Master thesis topics suggested by DNV-GL 
 
Topic 1 – Nonlinear 2D wave models 
 
There exists a variety of wave models applicable for different water depths and degree of nonlinearity. 
DNV has recently worked on the interfacing of wave models with its forward speed wave loads tool 
Wasim. The traditional wave models used are based on a sum of sinusoidal waves, or Stokes waves up to 
5th order, but Wasim is quite flexible in accommodating other models. Examples are Boussinesq, G-n 
wave theory, higher order spectral method (HOSM), NLS, conformal mapping or wave input based on a 
boundary element solution. Depending on the choice of application, the candidate may focus on one or 
more wave models and work on implementation, verification and validation. Another interesting study 
could focus on implementation of wave models used to initiate and provide upstream wave input for a 
computational fluid dynamics simulation. 
 
Topic 2 – Nonlinear wave reconstruction 
 
Quite often good measurement data exists for the free surface elevation at one or more points when 
model tests of marine structures have been carried out. However, in order to evaluate loads and 
response, it is required to evaluate the temporal and spatial kinematics, e.g. pressure and velocity in a 
defined part of the fluid domain and wave elevation at other points than provided by the probes. DNV 
has initiated work to improve current methods, and the results so far are promising. A thesis would 
support the developments and draw on the experience already gained. The method should be tested out 
on an application relevant for the offshore industry.  
 
Topic 3 – Application of CFD to study roll damping of ships advancing in waves 
 
Estimation of roll motions of ships is inherently difficult, and current state-of-the-art typically involves 
use of empirical formulae that may or may not be valid for the studied vessel geometry. Previous studies 
include detailed review of the physical processes involved in roll damping as well as some limited 
computational fluid dynamics analyses. DNV proposes to expand on these to conduct careful CFD 
simulations focusing on e.g. controlled 2D simulations looking at use of turbulence models, wall law, 
convergence of grids, forced motions vs. free decay, importance of memory effects. It should also be 
viable to go on looking at 3D effects or roll damping in calm water versus in waves. 
 
Topic 4 – Simplified slamming models 
 
DNV has worked on simplified 2D slamming models, greatly improving on the generalized Wagner 
program used previously. The new approach needs to be extended to oblique sea conditions, e.g. 
asymmetric ship sections and three degrees of freedom motions (heave, sway and roll). In addition, the 
2D tool integrated in the DNV seakeeping tool Wasim should be replaced. As a part of this, it is important 
to focus on consistency, i.e. double accounting should be kept at a minimum. Some inconsistencies are 
unavoidable considering the fundamental differences of the seakeeping and slamming problems and 
solutions.  
 
Topic 5 – Harmonic Polynomial Cell numerical wave tank 
 



This field method, recently developed for potential-flow problems by Yanlin Shao and Prof. Odd M. 
Faltinsen, is very attractive in terms of accuracy and efficiency. The project and master theses will 
examine the studies done so far with this method and the new formulations proposed in this framework. 
Then the method potentialities will be further investigated through studying a new application relevant 
in the marine field. 
 
Topic 6 – Added resistance of objects with idealized geometries 
 
DNV strives to improve methods and tools to estimate added resistance in waves. A study focusing on 
idealized geometries facilitates comparison with analytical results. This would provide new insights 
regarding the tool’s capabilities to capture different physical effects.  
Alternatively or as a second phase, the available tools may be used in a systematic study of ships where 
good experimental data exist. DNV has access to a huge data-base of test results through the 
Cooperative Research Ships JIP. The aim of the study would still be to understand the applicability and 
possible shortcomings of the tools, based on a discussion of underlying assumptions and limits in 
physical modeling. 
 
Topic 7 – Improving coupled analysis of floating structures 
 
The classical approach for handling coupled analysis in Sesam is to run a frequency domain 
hydrodynamic analysis with Wadam and then read the hydrodynamic coefficients into DeepC or SIMA. 
The motions of the floater and the loading in risers and mooring lines are then computed in these tools. 
This approach has two limitations: 

 It is not possible to obtain the pressure loads on the floater 

 The hydrodynamic analysis is linear 
The purpose of this topic is to try to address both of these limitations by transferring the forces from the 
moorings and risers back from DeepC or SIMA to the time domain solver Wasim and then recompute the 
vessel response in Wasim. If Wasim is run in linear mode the motions predicted by Wasim should in 
principle be the same as the motions predicted by DeepC/SIMA, provided that the incoming wave is the 
same. If Wasim is run in non-linear mode the motions will change and it may be necessary to do 
additional iterations by running DeepC/SIMA again using the motions predicted by Wasim as input and 
then computing corrected loads from the moorings and risers which are again taken back into Wasim. 
Three specific problems will be addressed as parts of this work: 

 Establish a method for translating the wave time history in the DeepC/SIMA analysis into wave 
input for Wasim. The wave input to Wasim is always a set of harmonic wave components. Check 
that the incoming waves in the Wasim simulation are the same as in DeepC/SIMA. 

 Perform a linear Wasim analysis and compare the resulting motion with the motion predicted by 
DeepC/SIMA. If there are significant differences these should be investigated and explained. 

 Perform a non-linear Wasim analysis and test if the Wasim – DeepC/SIMA iteration will converge. 
If this turns out to be too much work the topic can be limited to the first two problems and the last 
investigation can be handled in a separate work later. The last problem is only of interest if the second 
problem is successfully solved. 
 
Contact at DNV-GL:  
Dr. Olav Rognebakke  <Olav.Rognebakke@dnvgl.com> 



Topic proposed by SINTEF Fisheries and Aquaculture  
 

Extreme wave-loads on an  
aquaculture feed barge 

 

 
                                                                 Figure 1: The feed barge at ACE - Rataren 

The size of feed barges of fish farm systems for salmon aquaculture is getting bigger and bigger, as the 
need for feed storage capacity increases with increasing production. An example of a large modern 
feed barge is shown in Figure 1. The hull of a typical feed barge is box shaped with low freeboard in 
fully loaded condition. The superstructure is often similar to storehouses, with garage doors or 
hatchways.  
 
There is a trend that production is moved to more exposed sites where the biological capacity for 
sustainable production is higher. A consequence of this is that aquaculture structures will be exposed 
to rougher weather conditions with higher waves and stronger currents. Large waves combined with 
low freeboard of the feed barge may lead to incidents with water-on-deck and slamming on the 
superstructure. If slamming occur on weaker parts of the superstructure, like the hatchways, local 
structural damage can be the result. This might cause subsequent water filling and reduced stability of 
the barge. This problem is relevant with several incidents reported. 
 
A suggested topic for project and master thesis could be: 
 
Project  
Collect information about used feed barges in terms of dimensions and geometry, operational 
conditions and expected changes in the working environment. Perform a literature investigation of 
experimental, theoretical and numerical studies relevant for this problem. Identify a numerical method 
that could be suitable to investigate the occurrence of water on deck and slamming. One possibility 
could be using a potential seakeeping-solver combined with a shallow-water approximation for the 
shipped water but viscous effects providing damping at resonance should be modelled and accounted 
for in the model. Restoring forces due to a representative mooring system should also be included. Set 
a plan for the studies to carry on within the master thesis work, also considering available experimental 
studies for possible comparison. Perform if possible preliminary numerical investigations. 
 



Master  
Summarize the outcomes and decisions from the project work and finalize the modelling if not fully 
completed. If, from the literature study, relevant barge experiments are available use them to validate 
the solver identified during the project work. Use this method to perform the investigation of 
occurrence of water on deck and slamming as planned in the project work so to identify possible critical 
scenarios. Investigate the possibility to use a local slamming model so to analyze the slamming loads 
during the impact of water with the superstructure.  
 

A visit to a feed barge can be arranged. 
 

Contact at SINTEF Fisheries and aquaculture:  

David Kristiansen, 

Research manager – Aquaculture structures, 

david.kristiansen@sintef.no 
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Tittel Effects of surface texture and material on the flow past nets 

Type Project/Master thesis 

Kontakt / veileder Dag Myrhaug1/ Marilena Greco1/ Lars Gansel2 

1 NTNU - Dept. Marine Technology 
2 NTNU in Ålesund – Dept. for Life Sciences 

Sted Trondheim/Ålesund 

Possible collaboration Mørenot AS; SINTEF - fisheries and aquaculture 

 

Short description 
 

The project investigates the effects of different materials, surface structures and/or coatings on drag in a uniform 

current. 

Drag on a number of nets with different solidities and/or materials will be measured in the laboratory. Some nets 

may be treated with commonly used coatings (for example copper-coatings in the aquaculture industry) to 

investigate effects of changes in the surface texture of net strands. 

The results can be used to evaluate the effect of net material and coatings, and they may allow the implementation 

of a "material- or coating-factor" into existing numerical models describing the behavior of flexible cylindrical 

structures and nets in a current. The measurements may be combined or followed up by dye-investigations of the 

flow past single nets strands of the same nets.  

Background: 

A good understanding of the interaction of fish nets and water flow is of great importance for the fish farming industry, 

as it defines the behavior of fish cages in the sea, the water quality inside fish cages and the forces on mooring lines 

and anchors.  

A number of studies have aimed on finding formulations for the connection between the solidity of nets (the 

relationship between mesh openings and net strand sizes) and the drag in a given flow. Today different deterministic 

models exist and some of these differ substantially (see Figure 1). Some differences are due to different types of nets 

being used as basis for the formulations of the drag coefficient in dependence of the net solidity, but it is likely that also 

the small scale structure of net strands can have an important impact on the drag. Net strands do not need to be 

perfect cylinders. Nylon nets are a weave from many small filaments. The surface structure of nylon net strands is 

therefore at a significant size in relation to the strand diameter. However, also monofilament plastic nets exist and 

other materials are being used for aquaculture nets, such as copper- and steel-alloys. The structure of net strands may 

change the drag on nets very much in the same way as small structural changes of risers or industrial pipes may affect 

the drag and the shedding of eddies (strakes, fairings, ect.). Often aquaculture nets are coated with copper-paints and 

results from a recent study indicate that such coatings may affect the drag of nets, which may be due to a change of the 

surface characteristic of the net. The ability to understand and parameterize the effect of changes in the net structure, 

for example as caused by coatings and paints, will allow the implementation and optimization of numerical models 
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describing the behavior of cylindrical structures like nets.   
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Figure.1 : Overview of the empirical and semi-empirical drag formulations versus the solidity 

 

 

Figure 2. Nylon net without (white parts) and with copper coating (red part). The coating builds up a relatively smooth 

layer over the nylon threads. Heat treatment may shrink threads, but the layer of coating often compensates for the loss 

in thread thickness. 
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Tittel Drag on aquaculture nets: an experimental investigation of angle of 

attack and biofouling 

Type Project/Master thesis 

Kontakt / veileder Dag Myrhaug1/ Marilena Greco1/ Lars Gansel2 

1 NTNU - Dept. Marine Technology 
2 NTNU in Ålesund – Dept. for Life Sciences 

Sted Trondheim/Ålesund 

Possible collaboration  

 

Short description 
 
This project/thesis investigates 1) the effect of angle of attack between nets and a uniform flow and 2) the 

effect of an accumulation of organisms on aquaculture nets on the drag in currents.  

Drag will be measured in the laboratory on a number of clean nylon nets and nets with fouling attached. 

The nets are positioned at different angles in a uniform flow and the drag on the nets is measured. Clean 

net results will be compared with data available from literature. The effect of biofouling on net drag has 

recently been investigated for some organisms, but only for the water flow being perpendicular to nets. 

There is no good information about the effect of fouling at different angles of attack of the water, and it is 

this information that is needed to parameterize fouling so that the effect of fouling on hydrodynamic 

loads can be estimated using existing numerical models. This information is important when designing 

new fish farms, and especially for the dimensioning of moorings and anchors.  

Organization of the work: 

 

1) Project thesis:  a literature study is performed of what already is done on this topic and on possible 

relevant experimental and theoretical studies. Based on this study a proper experimental setup is defined 

and an appropriate NTNU facility for the experimental study is chosen. Finally, the experiments are prepared 

and necessary parts are constructed.  

 

2) Master thesis: tests are conducted as specified in the project thesis. The data is analyzed, including an 

error analysis and the clean net results are compared with existing models. The fouled net data is used to 

suggest a new model for fouled nets or for the effect of fouling on drag (the variables will include at least 

flow speed, angle of attack and net solidity/amount of fouling). Possible next steps from the present work 

are identified and further work is proposed 
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Example of a setup for the measurement of net drag. 
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