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Background
- Added Resistance transfer functions are commonly applied to 

calculated the added resistance in arbitrary sea states:
- 𝑅𝑅𝐴𝐴𝐴𝐴 = 2∫0

∞ 𝑆𝑆(𝜔𝜔) 𝑅𝑅𝑤𝑤(𝜔𝜔,𝑉𝑉𝑆𝑆)
𝜁𝜁𝐴𝐴
2 𝑑𝑑𝜔𝜔

- The transfer function can be derived from potential flow methods, 
model tests in regular waves or CFD calculations in regular waves.



Background
• However, we know that the superposition principle is not completely applicable. 

This is also the experience when tuning numerical models to model test results in 
irregular waves. 

• This phenomenon needs to be considered in for instance the following:
• Establishing model test programs
• Choosing numerical modelling methods
• Validation and comparisons of numerical tools

• A model test campaign was thus set up to quantify this effect for an open vessel 
geometry, i.e. the Duisburg Test Case. 



Hull Model

- Sintef Ocean Model M3110 (Previously used in the SHOPERA - Energy 
Efficient Safe SHip OPERAtion )



Test Setup in the Towing Tank



Test Setup



Test Matrix, Calm water and head waves
• Calm water reference resistance curve
• Regular waves

• Wave period range λ/Lpp = [0.44 – 1.43]
• 3 Wave heights Hw/Lpp = [0.0085, 0.0169, 0.0254]
• Speeds 12, 16 and 20 knots

• Irregular wave tests
• 16 knots
• 3 sea states

• Several repetition runs => 140 test recordings



Automized testing
• The lack of such studies in the past partially comes from the cost of carrying out 

model tests in waves for large test matrices
• The project took advantage of SINTEF Ocean's internal development of automized 

test techniques including a dedicated test rig.



Analyses and results



Analyses and results

Matching of 
Hw/Lpp = 0.0085 
and Hw/Lpp = 
0.0169
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