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Overview 

Tasks in the scope of SHOPERA regarding wave forces 
Å Development and validation of a field method (OpenFOAM) to calculate wave 

drift forces (Task 2.5+Task 4.2) 

Å Development of a database for second order wave forces (Task 2.4) 

 

Performed work 
Å Investigation of the waves added resistance in short and long waves for 

different ship types related to: 

Discretization, viscous effects, surge motion, radiation and diffraction 
problems 

Å Comparison of the results with Level 1 methods 

Å Initial investigation regarding side force and yaw moment in oblique waves 
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Prediction Methods 

Field methods OpenFOAM and Comet 
Å Discretization:   Finite Volume Method 

Å Free Surface:  Volume of Fluid + HARIC, MULES implicit 

Å Pressure/Velocity:  SIMPLE, PIMPLE 

Å Ship Motion:  Implicit coupling wit 6-DOF rigid body motion 
    eq. + mesh-morphing algorithm  

Å  Waves:   Regular and irregular waves. Velocity field and 
    wave elevation imposed at inlet boundary. 

 

Empirical methods Stawave1 and Stawave2 
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Numerical Investigation 

Test cases/conditions 
Å Duisburg Test Case:  Head waves, ˂/L=0.5-2, Fn=0.218, hW=7m 

 

Å Cruise Vessel: Head and oblique waves, ˂/L=0.2-2, Fn=0.159,0.223,  

   hW/ =˂1/60, µ=90 °,120 °,150 °,180° 

 

Å KVLCC2:  Head waves, ˂/L=0.7-2, Fn=0.142, hW=6m 
  

ÅWigley Hull: Head waves, ˂/L=0.5-2, Fn=0.2,0.3,0.4,   hW/ =˂1.5 

 

Grids 
Å Unstructured hexahedron grid (boundary layer) 

ÅDǊƛŘǎ ǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜ ǎƘƻǊǘŜǎǘ ǿŀǾŜ όŜΦƎΦ ˂κ[ҐлΦнύ 

ÅIŀƭŦ ŘƻƳŀƛƴ ҒмΦр Ȅ мл6 cells 
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Numerical Investigation 

Computational Procedure 
Step 1: Computation of calm water resistance  (RT) 
Step 2: Computation of longitudinal force in waves (FX) 
Step 3: Calculation of added resistance (average FX ς RT) 
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NOTE 
Å Grid studie in calm water and 

waves for every ship 
Å Same grid for calm water and 

waves  
Å Mean values over at least 5 

wave periods 
ÅWave amplitude monitored 
Å Modell free to heave and 

pitch 



Added Resistance: Discretization errors 
DTC in  head waves 

 Influence of spatial Discretization 
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Added Resistance: Friction part 
DTC and cruise vessel in head waves 
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Cruiser: Head waves, Fn=0.23 DTC: Head waves  



Added Resistance: Influence of Fn 
Wigley in head waves 

Influence of Surge Motion 
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Wigley: Head waves, Fn=0.2 

Wigley: Head waves, Fn=0.3 

Wigley: Head waves, Fn=0.4 
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Added Resistance: Radiation and Diffration 
Cruise ship and KVLCC2in head waves 

Radiation and Diffraction 
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Cruiser: Head waves, Fn=0.23 KVLCC2: Head waves 



Added Resistance 
Cruise ship in oblique waves 

Encounter Angle 
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Cruiser: Oblique waves, Fn=0.23 
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Added Resistance: CFD vs. EFD vs. empirical formula 
Cruise ship in head waves 

Comparison of Methods 
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Cruiser: Head waves, Fn=0.23 Cruiser: Head waves, Fn=0.159 


