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Agenda
• Introduction

– Motivation
– History
– Current work

• Theory
– Wave-Body interaction problem
– Simplifications for a non-diffracting object
– Catenary mooring (Quasi-static approach)

• Implementation
• Results
• Conclusions
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Introduction
• Motivation

– Multiphysical simulation of systems with strong influence from 
hydrodynamics.

– Black box nature of commercial software.
– High cost of commercial software.
– As a learning tool for students.

Ocean Engineering
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Introduction
• History

– OMAE2019 : Towards the development of an Ocean 
Engineering library for OpenModelica.

– Compared hydrodynamic response of catenary moored buoy
modelled in OpenModelica and in Orcaflex.
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Introduction
• History

– American Modelica Conference 2020a: Modelica component models for oceanic surface waves and 
depth varying current .
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Introduction
• The current work

– The wave-body interaction problem
– Hydrodynamic response of a non-diffracting floating object

• Froude-Kryloff force
• Morison equation

– Quasi-static catenary mooring analysis
– Component model for non-diffracting floating object
– Component model for quasi-static catenary
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Theory
• The wave-body interaction problem

Incident Wave

Radiation Problem

Diffraction Problem

*linearity assumed

Ref: O.M Flatinsen, Sea Loads on Ships and Offshore 

Structures- Chapter 3.
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Theory
• Simplifications for a non-diffracting object

Total wave loadWave radiation
Added mass coefficients
Hydrodynamic loads in phase 
with the acceleration of the 
body.

Damping coefficients
Hydrodynamic loads in phase 
with the velocity of the body.

Wave excitation
Morison Loads
significant drag, small 
inertia.

Froude-Kryloff loads
Due to the unsteady pressure 
field generated by the incident 
wave.

Diffraction loads
Due to the disturbance of the incident 
wave pressure field by the presence of 
the body.

Ref: DNV-RP -C205.

Froude-Kryloff loads
significant inertia, small 
drag.
Due to the unsteady 
pressure field generated by 
the incident wave.

Relatively small structure
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Theory
• Quasi-static catenary • Morison loads on the catenary
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Implementation
• Non-diffracting floating object

EoM:
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Implementation
• Quasi-static catenary mooring
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Results
• Fixed cylinder in waves and current
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Results
• Free floating cylinder in waves and current
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Results
• Catenary mooring
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Results
• Moored buoy in waves and current (only current

loads on mooring chain)
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Results
• Moored buoy in waves and current (both current

and wave loads on the mooring chain)
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Conclusion
• Component models were developed to capture the hydrodynamic

response of a cylindrical, non-diffracting floating object and for 
mooring forces based on the quasi-static catenary approach.

• Morison and Froude-Kryloff forces calculated by the Modelica model
were seen to be in agreement with results calculated by Orcaflex.

• Mooring forces calculated by the Modelica model were seen to be in 
satisfactory agreement with those calculated by Orcaflex.

• The hydrodynamic response of a moored buoy in waves and current, 
obtained from Modelica, was seen to be in satisfactory agreement
with results for a similar system in Orcaflex.

• Differences in the response can be attributed to the inability of the
Modelica component model to capture the dynamic effects of the
mooring line.

• The component-models thus developed were incorporated into the
preliminary Ocean Engineering library for OpenModelica. 
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