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Performance in waves – part 1 
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This first part of the article presents validation results for a VLCC hull sailing in regular head waves. Added resistance 

coefficients are calculated and compared with experimental data. 

 
Today’s ship designers regularly employ numerical methods in order to predict calm water 

performance and optimize hull forms at an early stage in the design process. The need for this is 

driven by continuously increasing demands on fuel consumption and stronger regulations on exhaust 

emissions. However, this is typically only done for a couple of loading conditions and one or a few 

different speeds in calm water. 

In the quest for improved performance, designers now seek to employ a more holistic approach to 

the design problem where consideration is given to more than just the performance in calm water. It 

is expected that significant gains in performance over a ship's operational profile and lifetime can be 

made if consideration is given also to the performance in a seaway. 

SHIPFLOW MOTIONS 
A large variety of numerical methods for the prediction of a ship’s performance in waves exist today, 

all having their strengths and weaknesses, typically in terms of capability, computational cost and 

ease-of-use. The problem of added resistance due to waves, i.e. the increase in resistance when 

sailing in waves compared to the resistance when sailing in calm water, is very challenging and 

designers often find it difficult to find a method that strikes a good balance between these three 

traits. The step from partially nonlinear potential flow methods to fully nonlinear viscous flow 

methods is very large, both in terms of capability and applicability but also with regard to 

computational cost. 

SHIPFLOW MOTIONS is based on a fully nonlinear potential flow method which is aimed at closing 

the gap between classical (partially nonlinear) potential flow methods and (fully nonlinear) viscous 

methods, e.g. URANS solvers. 

Case description 
The KVLCC2 tanker from MOERI is a 

standard validation case for numerical 

methods. Its main particulars and running 

conditions are presented in tables. 

 

  

Main particulars Full scale 

Length between perpendiculars LPP (m) 320.0 

Length of waterline LWL (m) 325.5 

Maximum beam of waterline BWL (m) 58.0 

Depth D (m) 30.0 

Draft T (m) 20.8 

Displacement volume ∇ (m3 ) 312622 

Wetted surface area w/o rudder SW (m2 ) 27194 

Block coefficient (CB) ∇ /(LPPBWL T) 0.8098 

Midship section coefficient (CM)  0.9980 

LCB (%LPP), fwd+  3.48 

Vertical Center of Gravity (from keel) KG (m) 18.6 

Metacentric height GM (m) 5.71 

Moment of Inertia Kxx/B 0.40 

Moment of Inertia Kyy/LPP,Kzz/LPP 0.25 

Conditions  

Ship speed [kts] 15.5 

Fn 0.142 

Wave direction 180 

Wave lengths [Lambda/Lpp] 0.6,0.7,…,2.0 

Wave heights [H/Lpp] 0.01875 
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Results 
A comparison of added resistance for KVLCC2 in head sea between SHIPFLOW MOTIONS and 

measurements from Osaka [1] can be seen in the figure below. The computational effort for one 

wave condition was approximately 3.5 hours on a six-core i7 workstation for typically 15-20 wave 

encounters. 

 

 

Discussion and conclusion 
As can be seen from the figure, added resistance from SHIPFLOW MOTIONS corresponds well with 

measurements both in terms of trends and absolute values for KVLCC2. 

Computations were performed directly from CAD geometry with the standard FINE mesh. A 

minimum input of speed, draft, wave length and wave height was required to run these 

computations. Otherwise the computations were set up automatically. 

SHIPFLOW MOTIONS accuracy, robustness, extensive automation and relatively low computational 

time make it a very capable tool for predicting added resistance. 
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