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PREFACE

PREFACE

This volume contains full-length papers of contributions presented at MARINE 2019, 
the Eight International Conference on Computational Methods in Marine Engineering, 
held at Chalmers Conference Center, Gothenburg, Sweden, May 13-15, 2019. The 
first edition of this series of conferences was held in Oslo, Norway, in June 2005, with 
following editions every second year, in Barcelona, Spain, June 2007, in Trondheim, 
Norway, June 2009, in Lisbon, Portugal, September 2011, in Hamburg, Germany, May 
2013, in Rome, Italy, June 2015, and, finally in Nantes, France, May 2017.

In the spirit of previous editions, the objective of MARINE 2019 is to provide “a 
meeting place for researchers developing computational methods and scientists and 
engineers focusing on challenging applications in Marine Engineering”. The state of the 
art in computational approaches is addressed in sessions on, e.g. computational fluid 
dynamics (both fundamental and applied), propulsors, design and optimization, fluid-
structure interaction with a specific focus on ship hydrodynamics, lightweight design 
and structures. We see further large contributions to topics related to multiphase flows, 
both on development of the numerical methods as to applications related to e.g. water 
entry problems, waves-structure interaction, and seakeeping. Further, the interest on 
marine renewable energy is continued large.

The conference programme includes five plenary lectures, six keynotes lectures, 
and in total over one hundred and fifty seven contributions distributed in seventeen 
contributed sessions and equally seventeen invited sessions organised by recognised 
experts. The programme extends over three days with four parallel sessions. 

MARINE 2019 is the eight international conference on this topic organized in the 
framework of the Thematic Conferences of the European Community on Computational 
Methods in Applied Sciences (ECCOMAS). Moreover, MARINE 2019 is a Special Interest 
Conference of the International Association for Computational Mechanics (IACM). The 
conference is jointly organized by Chalmers University of Technology, Department 
of Mechanics and Maritime Sciences and by the International Center for Numerical 
Methods in Engineering (CIMNE) in co-operation with the Technical University of 
Catalonia (UPC). 

Our sincere appreciation goes to plenary lecturers, keynote lecturers, invited session 
organizers and all authors who have contributed to the outstanding scientific quality 
of the conference as reflected in the proceedings. Finally, we wish to thank Mr. Alessio 
Bazzanella and Ms Laia Aranda and the staff from the Congress Department of CIMNE, 
Barcelona, Spain, for their excellent work in the support of the conference organization 
and for the publication of this volume.

Gothenburg, 13th of May 2019

Rickard Bensow and Jonas Ringsberg, Editors

7





ACKNOWLEDGEMENTS

ACKNOWLEDGEMENTS 

The conference organizers acknowledge the support towards the organization 
of the MARINE 2019 Conference to the following organizations:

Chalmers University, Sweden

International Center for Numerical Methods 
in Engineering (CIMNE), Spain

Universitat Politècnica de Catalunya (UPC)

European Community on Computational 
Methods in Applied Sciences (ECCOMAS)

International Association for Computational 
Mechanics (IACM)

Kongsberg Maritime

Caterpillar Propulsion

BETA CAE SYSTEM

Siemens 

9





SUMMARY

SUMMARY 

INVITED SESSIONS

IS- Application of FSI in marine propulsion and energy converters  ........................... 23
IS- Application of scale-resolving turbulence modelling techniques to ship hydrodynamics ....48
IS- Biomimetics in marine technology ................................................................ 71
IS- Cavitation and cavitation-induced erosion ....................................................... 83
IS- Computational Environmental Mechanics for the Blue Growth ............................. 99
IS- Flow problems and control, optimisation, and uncertainty  ................................ 111
IS- Marine Energy .........................................................................................134
IS- Multi-fidelity analysis and optimization methods in marine engineering  ................169
IS- Numerical Methods for Multiphase Flows .......................................................213
IS- Numerical modeling of flexible structures in offshore environment ......................259
IS- Numerical Modelling for Air Lubrication .........................................................285
IS- Optimisation & uncertainty quantification in practical hydrodynamic ship design ...296
IS- Physics and simulation of hydrofoils ............................................................334
IS- Water Impact  ..........................................................................................359

CONTRIBUTED SESSIONS

Cavitation  ..................................................................................................371
Fluid Dynamics ............................................................................................393
High speed vessels .......................................................................................417
Marine Renewables .......................................................................................441
Mooring and FSI ...........................................................................................453
Numerical Modelling and CFD ..........................................................................465
Off-shore ....................................................................................................525
Optimisation and Machine Learning ..................................................................544
Propulsors ..................................................................................................556
Ship Design .................................................................................................603
Ship Motions ...............................................................................................613
Ship Scale Performance .................................................................................670
Structures and Materials  ................................................................................730
Wave Modelling  ...........................................................................................759
Waves-Structure Interaction  ...........................................................................783

11



12



CONTENTS

Contents

INVITED SESSIONS

IS- Application of FSI in marine propulsion and energy converters 

naoe-FOAM-SJTU Solver for Ship Flows and Ocean Engineering Flows ....... 23
D. Wan

Open Water Characteristics of Three Model Scale Flexible Propellers ......... 35
L. Savio and K. Koushan

IS- Application of scale-resolving turbulence modelling techniques to 
ship hydrodynamics

PANS Simulations: Low versus high Reynolds Number Approach ............... 48
M. Klapwijk, T. Lloyd, G. Vaz and T. van Terwisga

VpLES- Particle Intensified Large Eddy Simulation..................................... 60
N. Kornev and S. Samarbakhsh

IS- Biomimetics in marine technology

Bio-inspired Propulsion in Ocean Engineering: Learning from Nature ........ 71
G. Shi, R. Li and Q. Xiao

IS- Cavitation and cavitation-induced erosion

A Method for the Coupling of Compressible 3D Flow Simulations with a 
Cavitation Erosion Model for Ductile Materials and Assessment of the 
Incubation Time ........................................................................................ 83
F. Schreiner, S. Mottyll and R. Skoda

IS- Computational Environmental Mechanics for the Blue Growth

An Overview on the use of the Ffowcs Williams-Hawkings Equation for the 
Hydroacoustic Analysis of Marine Propellers .............................................. 99
S. Ianniello and C. Testa

IS- Flow problems and control, optimisation, and uncertainty 

A Complete Data-Driven Framework for the Efficient Solution of Parametric 
Shape Design and Optimization in Naval Engineering Problems (Keynote 
Lecture) ...................................................................................................111
N. Demo, M. Tezzele, A. Mola and G. Rozza

Shape Optimization through Proper Orthogonal Decomposition with 
Interpolation and Dynamic Mode Decomposition Enhanced by Active 
Subspaces ................................................................................................122
M. Tezzele, N. Demo and G. Rozza

13



IS- Marine Energy

Experimental Validation of a RANS-VOF Numerical Model of the Wave 
Generation, Propagation and Dissipation in a 2D Wave Flume ..................134
L. Galera, U. Izquierdo, G.A. Esteban, J.M. Blanco and I. Albaina

On the Importance of Advanced Mesh Motion Models in CFD-based Numerical 
Wave Tanks for WEC Testing ....................................................................145
C. Windt, J. Davidson, D. Chandar and J.V. Ringwood

Uncertainty Quantification of the Dynamics of a Wave Energy Converter ..157
G. Moura Paredes, C. Eskilsson and J. P. Kofoed

IS- Multi-fidelity analysis and optimization methods in marine 
engineering 

3D Structural Design Tool for Monohull and Multihull Vessels ...................169
J. Wyman, J. Knight and D. Kring

An Adaptive N-Fidelity Metamodel for Design and Operational-Uncertainty 
Space Exploration of Complex Industrial Problems ...................................177
A. Serani, R. Pellegrini, R. Broglia, J. Wackers, M. Visonneau and M. Diez

An Assessment of Multifidelity Procedures for Ship Hull Form Optimisation ...
189
H.C. Raven and T.P. Scholcz

Efficient Reduction in Shape Parameter Space Dimension for Ship Propeller 
Blade Design ............................................................................................201
A. Mola, M. Tezzele, M. Gadalla, F. Valdenazzi, D Grassi, R. Padovan and G. Rozza

IS- Numerical Methods for Multiphase Flows

A high-order and Mesh-free Computational Model for Non-linear Water 
Waves ......................................................................................................213
M. E. Nielsen, B. Fornberg and L. Damkilde

Application of a Coupled Level Set and Volume of Fluid Method for Unsteady 
Simulations with an Unstructured Flow Solver ..........................................223
B. E. LeBlanc, C. M. Klaij, H.-C. Chen and A. G. Gerber

Extension of a Fast Method for 2D SteadyFfree Surface Flow to Stretched 
Surface Grids ............................................................................................235
T. Demeester, E.H. van Brummelen and J. Degroote

Numerical Modeling of Contact Discontinuities in Two-phase Flow ...........247
R. Remmerswaal and A.E.P. Veldman

IS- Numerical modeling of flexible structures in offshore environment

Analysis of Flexible Net Structures in Marine Environment  ......................259
A.J. Berstad and L.F. Heimstad

14

Usuario
Rectángulo



Application of FhSim for the Analysis of Environmental Loads on a Complete 
Fish-Farm System .....................................................................................271
A. Tsarau and D. Kristiansen

IS- Numerical Modelling for Air Lubrication

Eulerian-Lagrangian Simulation on Microbubbles in Turbulent Channel Flow .
285
X. Zhang and D. Wan

IS- Optimisation & uncertainty quantification in practical hydrodynamic 
ship design

A Practical Tool for the Hydro-acoustic Optimization of Naval Propellers ..296
F. Valdenazzi, F. Conti, S. Gaggero, D. Grassi, C. Vaccaro and D. Villa

Data Driven uncertainty Quantification for Computational Fluid Dynamics 
based Ship Design ....................................................................................309
T.P. Scholcz

Improved Hull Design with Potential-Flow-Based Parametric Computer 
Experiments .............................................................................................321
O.F.A. van Straten, E. Celik, J.H.S. de Baar, B. Ascic and J.S. de Jong

IS- Physics and simulation of hydrofoils

A Synergetic Design Study of a Passenger-Hydrofoil Flapped Surface: 
Experimental and Computational Fluid Dynamics, Optimization, and Control .
334
L. Antognoli, M. Bibuli, M. Diez, D. Durante, S. Ficini, S. Marrone, A. Odetti, I. Santic and A. 
Serani

CFD Investigation of Ventilation-Cavitation Coupling on Surface-Piercing 
Super-Cavitating Hydrofoils ......................................................................346
S. Brizzolara

IS- Water Impact 

Numerical Hydrodynamic Study on the Effects of Body-Curvature during 
Ditching ....................................................................................................359
J.D. Mesa and K.J. Maki

CONTRIBUTED SESSIONS

Cavitation 

Experimental and Numerical Investigation of Blade Geometry Effect on 
Propeller Cavitation and Noise ..................................................................371
X.-Q. Dong, Q. Wang and C.-J. Yang

15



Propeller Tip Vortex Cavitation Mitigation using Roughness .....................383
A. Asnaghi, U. Svennberg, R. Gustafsson and R. Bensow

Fluid Dynamics

Assessment of Computational Techniques for the Prediction of Acoustic 
Sources From Lifting Surfaces Using LES and DNS ....................................393
T.A. Smith and Y. Ventikos

Experimental Validation of Aerodynamic Computational Results in the Aft-
deck of a Simplified Frigate Shape (SFS2) ................................................405
R. Bardera, J. C. Matias and A. Garcia-Magariño

High speed vessels

A Numerical and Analytical Way for Double-stepped Planing Hull in Regular 
Wave ........................................................................................................417
R. Niazmand Bilandi, S. Mancini, A. Dashtimanesh, S. Tavakoli and M. De Carlini

Verification and Validation study of OpenFOAM on the Generic Prismatic 
Planing Hull Form .....................................................................................428
J. Li, L. Bonfiglio and S. Brizzolara

Marine Renewables

Design of Low Drag-to-Power Ratio Hydro-kinetic Turbine .......................441
A. Shiri, J. Hallander and B. Bergqvist

Mooring and FSI

Numerical Modelling of the Interaction between a Fish Net and Fluid using 
CFD ..........................................................................................................453
T. Martin, A. Kamath and H. Bihs

Numerical Modelling and CFD

A Sensitivity Analysis of CFD Transition Modelling in the Context of Vortex 
Roll-Up Prediction ....................................................................................465
R. Liebrand, M. Klapwijk, T. Lloyd, G. Vaz and R. Lopes

Analysis of the Blade Boundary Layer Flow of a Marine Propeller with RANSE 
477
J.M. Baltazar, D.B. Melo and D.R. Rijpkema

Disequilibrium Wall Function in RANSE Computation applied to Flow 
Conditions around Ship’s Hull ...................................................................491
C.-U. Böttner and I. Shevchuk

16



Improvement of an Existing Shoreline Evolution Numerical Model ............502
M. Lima and C. Coelho

Improving the Numerical Robustness of Buoyancy modified k-ω SST 
Turbulence Model .....................................................................................514
C. Liu, W. Zhao, J. Wang and D. Wan

Off-shore

Internal Flow-induced Instability Analysis of Catenary Risers  .................525
K.N. Bakis and N. Srinil

Merits of the Maximum Entropy Meshless Method for Coupled Analysis of 
Offshore Problems ....................................................................................537
M. Nazem and M. Cassidy

Optimisation and Machine Learning

A Data-Driven Probabilistic Learning approach for the Prediction of 
Controllable Pitch Propellers Performance ................................................544
S. Gaggero, A. Coppedè, D. Villa, G. Vernengo and L. Bonfiglio

Propulsors

Design of Open-Water and Wake-Adapted Optimum Propellers based on A 
Vortex Lattice Lifting-Surface Model .........................................................556
H. Yong-sheng, W. Qi, D. Xiao-Qian and Y. Chen-Jun

Kinematics and Load Conditions at the Voith-Schneider-Propeller  ...........568
T. Rosenlöcher, B. Schlecht and M. Rösner

Numerical Investigation of Tip Geometry on the Tip-clearance Flow Features 
of a Pump-jet Propulsor ............................................................................576
X.-Q. Ji, X.-Q. Dong, W. Li, C.-J. Yang and F. Noblesse

Possibilities to determine Design Loads for Thrusters ...............................588
M. Kostial, F. Mieth, T. Rosenlöcher and B. Schlecht

Viscous Effects on the Hydrodynamic Performance of Semi-Active Flapping 
Propulsor ..................................................................................................595
N. Thaweewat, S. Phoemsapthawee and S. Jungrungruengtaworn

Ship Design

EFFICIENCY IMPROVEMENT EFFECT AND WATER NOISE REDUCTION BY 
ENERGY SAVING DEVICES  .......................................................................603
T. Tachikawa, Y. Okada, K. Katayama, A. Okazaki, M. Okazaki, K. Fukuda, Y. Kobayashi and 
T. Kajino

17



Ship Motions 

A Linearized Free-Surface RANS Method for Ship Maneuvering .................613
P. Geremia, K. Maki and P. Alexias

Numerical Investigation of a large Diameter Propeller Emergence Risk for a 
Vessel in Waves ........................................................................................622
M. Irannezhad, A. Eslamdoost and R. Bensow

Prediction of Parametric Rolling for a Container Ship in Regular and Irregular 
Waves using a Fully Nonlinear Time Domain Potential Flow Method .........634
F. Coslovich, M. Kjellberg and C-E. Janson

To evaluate the Influence of DOF on manoeuvring Prediction by direct CFD 
Zig-Zag Simulations ..................................................................................646
X. Gao and G. Deng

Validation of a Roll Decay Test of an Offshore Installation Vessel using 
OpenFOAM ................................................................................................658
B. Devolder, F. Stempinski, A. Mol and P. Rauwoens

Ship Scale Performance

Effects of Section Geometry on the Energy-saving Rate of PBCF and Model/
full-scale Correlation - A CFD Study ..........................................................670
H. Zhang, X.-Q. Dong, W. Li, Ch.-J. Yang and F. Noblesse

Numerical Friction Lines for CFD Based Form Factor Determination Method ..
682
K.B. Korkmaz, S. Werner and R. Bensow

Numerical Study of Roughness Model Effect at Actual Ship Scale ..............694
K. Ohashi

Prediction of Ship Resistance with the use of Full-scale CFD Simulations..706
K. Niklas and H. Pruszko

Ship Scale Validation of CFD Model of Self-propelled Ship .........................718
H. Mikkelsen, M. L. Steffensen, C. Ciortan and J. H. Walther

Structures and Materials 

Homogenized and Non-Classical Beam Theories in Ship Structural Design - 
Challenges and Opportunities ...................................................................730
J. Romanoff, A. Karttunen, B. Reinaldo Goncalves and J.N. Reddy

Structure Design of the Ship Pedestal based on Topology Optimization ....742
C. Zhang, Z. Zeng and C. Ji

18



Wave Modelling 

Efficient Time Domain Simulations of Waves .............................................759
O. Lundbäck

Simulation of Irregular Wave Motion using a Flap-type Wavemaker .........771
S. Ramezanzadeh, M. Ozbulut and M. Yildiz

Waves-Structure Interaction 

A first Assessment of the Interdependency of Mesh Motion and Free Surface 
Models in OpenFOAM Regarding Wave-Structure Interaction ....................783
G. Decorte, G. Lombaert and J. Monbaliu

Numerical and Experimental Investigation of Moored-Floating Structures in 
Regular Waves .........................................................................................795
L.-C. Dempwolff, T. Martin, A. Kamath and H. Bihs

The ComMotion Project: Computational Methods for Moving and Deforming 
Objects in Extreme Waves  .......................................................................808
A.E.P. Veldman, P. Van der Plas, H, Seubers, M. Hosseini Zahraei, X, Chang, P.R. Wellens and 
J. Helder

19



20



LECTURES

LECTURES

21



IS- Marine EnergyExperimental Validation of a RANS-VOF Numerical Model of the Wave Generation, Propaga-
tion and Dissipation in a 2D Wave Flume
L. Galera, U. Izquierdo, G.A. Esteban, J.M. Blanco and I. Albaina

VIII International Conference on Computational Methods in Marine Engineering 
MARINE 2019 

R. Bensow and J. Ringsberg (Eds) 

EXPERIMENTAL VALIDATION OF A RANS-VOF                       
NUMERICAL MODEL OF THE WAVE GENERATION                              

AND PROPAGATION IN A 2D WAVE FLUME  
MARINE 2019 

L. GALERA*, U. IZQUIERDO, G.A. ESTEBAN, J.M. BLANCO, I. ALBAINA AND 
 A. ARISTONDO  

School of Engineering of Bilbao, Department of Nuclear Engineering and Fluid Mechanics 
University of the Basque Country (UPV/EHU) 

Plaza Ingeniero Torres Quevedo 1, 48013 Bilbao, Spain 
*Email: galera.lander@gmail.com, Web page: www.ehu.eus

Key words: Numerical wave flume, model validation, wave characterization 

Abstract. This paper focus on the study of free surface variation in a Numerical Wave Flume 
(NWF) due to a paddle movement. The NWF is the numerical representation of a 12.5 meters 
long Experimental Wave Flume (EWF) of the laboratory of the University of the Basque 
Country. The experiments and the numerical simulations are performed in several depths (0.3, 
0.4 and 0.5 meters). Besides different velocities for the paddle movement are induced between 
0.064 and 0.1 m/s. The numerical simulations are based on an Eulerian Multiphase of two 
fluids, air and water, more concretely the Volume of Fluid model. The surface variation in two 
points (6.0 and 6.3 meters from the wave flume start) is studied in both numerical and 
experimental wave flumes and compared its variation through the experiment time. Besides, 
the experiments will be analyzed in the wave maker theory. The results show the models quality 
in the first moments of the experiments, where the reflection does not appear, in which the 
results from both experimental and numerical simulations are pretty similar.  

1 INTRODUCTION 
The need of decrease the greenhouse gases emissions is one of the main objectives in order 

to fight the climate change and the global warming. The United Nations (UN) agreed to aim 
this decrease, among other objectives, in the Paris agreement [1]. In order to fulfill this purpose, 
the use of renewable energies seems to be one of the best options. Some technologies like 
onshore wind or solar have arisen as the most known ones, but the need of augment the number 
of technologies to harness energy is present [2]. Thus, offshore renewable energies ensue as 
one of most promising options.    
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Figure 7 shows the relation between the wavelength and the wave period. In it, it can be 
observed that the relation between experiments and numerical simulations, the wave period has 
small errors. Thus, both experiments and numerical simulations follow the theoretical 
tendencies better than in Figure 6.  

5 CONCLUSIONS  
Analyzing the results from the nine simulations the first conclusion obtained is that the VOF 

model approach is correct. The great accuracy of the simulations and the similarity of them in 
the first waves when the reflection does not affect the measurements, show the success of the 
approach of the simulations.  

However, some modifications in both the grid and physic models have to be done in order 
to reduce the error when reflection affects to the measurements. Besides continuous 
improvements in the paddle control of the EWF aim to have more constant waves and approach 
the theoretical models. Moreover, the inclusion of acceleration in the numerical simulations 
should create an approximation to the experimental results.  

Thus, this study exists as an initial work in the area of numerical simulations of the EWF. 
Studies of physical effects, as reflection, and of the behavior of offshore structures, as wave 
energy converters or floating structures for offshore wind, will be the next steps of the research 
group. With a proper NWF the simulations of a wide range of waves and depths will be possible 
in order to validate these type of structures.  
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The authors are very grateful for the support of the government of the Basque Country 
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