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Nomenclatures 

 

 𝑆𝐿  Minimum oscillation value in simulation 

 𝑆𝑈  Maximum oscillation value in simulation 
 𝑇𝑒 Wave encounter period 

 𝑈𝑃 General parameter uncertainty 
 𝛿𝑃 General parameter error 
∆𝑦 Distance of the first point from the solid wall 

CDkω Cross-diffusion in the 𝐾 − 𝜔 model. 

g𝑖 Gravity vector 

Ω𝑖𝑗 Vorticity magnitude 

𝐶F Frictional Resistance coefficient 

𝐶R Residual Resistance coefficient 
𝐶𝐹∞ Value of fitted function in verification process 

𝐶𝑇 Total resistance coefficient 
𝐶𝑖 Correction factor 

𝐸𝑎𝑣 Average absolute error 
𝐹𝑆 Factor of safety 
𝐼𝑗 Unity vector whose components vanish, except for the component 𝑗 
𝑄∗ Second invariant 𝑄 criterion 

𝑅F Frictional Resistance 
𝑅R Residual Resistance 

𝑅𝐺 Grid convergence ratio 
𝑅𝑇 Time step convergence ratio 

𝑅𝑇 Total resistance 
𝑅𝑖 Convergence ratio 

𝑆𝐶 Simulation benchmark 
𝑆𝑖𝑗 Total stress tensor 

𝑈𝑆𝐶𝑁 Corrected uncertainty 

𝑈𝑉𝑐
 Corrected validation uncertainty 

𝑈⃗⃗  Velocity vector 

𝑈∞ Far field velocity 

𝑈𝐷 Data uncertainty 
𝑈𝐺 Grid uncertainty 

𝑈𝐼 Iteration uncertainty 
𝑈𝑆 Simulation uncertainty 

𝑈𝑆𝑀 Modeling uncertainty 
𝑈𝑆𝑁 Numerical uncertainty 

𝑈𝑇 Time step uncertainty 
𝑈𝑉 Validation uncertainty 

𝑈𝑟𝑒𝑞𝑑 Required level of uncertainty 

𝑐𝑖 Volume fraction for fluid 𝑖 
𝑓𝑒 Wave encounter frequency 
𝑓𝑤 Wave frequency 
𝑛⃗  Unit normal vector directed outward  
𝑝∞ Far field pressure 
𝑝𝐺 Grid order of accuracy 

𝑝𝑇 Time step order of accuracy 

𝑝𝑎 Atmospheric pressure 
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𝑝𝑖 Simulation order of accuracy 
𝑟𝐺 Grid refinement ratio 
𝑟𝑖 General verification ratio 

𝑦+ Non-dimensional distance from the wall 
𝛾𝐼 Wave initial phase angle 

𝛿𝐷 Data error 
𝛿𝐺 Grid error 

𝛿𝐼 Iteration error 
𝛿𝑅𝐸

∗  Richardson Extrapolation error 

𝛿𝑆 Simulation error 
𝛿𝑆𝑀 Modeling error 

𝛿𝑆𝑁 Numerical error 

𝛿𝑆𝑁
∗  Estimated value with sign and magnitude of the numerical error 

𝛿𝑇 Time step error 
𝛿𝑖𝑗 Kronecker (delta) operator 

𝜀𝑎𝑣 Average relative error  
𝜁𝑖 Incident wave height 

𝜈𝑡 Turbulent eddy viscosity 
𝜌𝑎 Mass density of air 

𝜌𝑤 Mass density of water 
𝜎𝑎 Tangential force on the free-surface in water 

𝜎𝑤 Tangential force on the free-surface in water 
𝜏𝑖𝑗 Viscous stress tensor 

𝜏𝑖𝑗 Mean viscous stress tensor 

∆𝑝𝛾 Pressure jump at the free-surface interface 

∆𝑥 Cell size in x-direction 
∆𝑦 Cell size in y-direction 
∆𝑧 Cell size in z-direction 
A Wave amplitude 
A0 Propeller disk area 
AE Expanded blade area 
B Beam of the ship 
CAW Added resistance in waves coefficient 
CB Block coefficient 
CH Heave force coefficient 
CM Mid-ship section coefficient 
CM Pitch moment coefficient 
CTcw Calm water total resistance coefficient 
CTw Total resistance coefficient in waves 
D Measured value in tank test 
D Depth of the ship 
Dh Propeller hub diameter 
Dp Propeller diameter 
Fr Froude number 
He Helicity 
Hw Wave height 
J Propeller advance coefficient 
k Wave number 
KQ Propeller torque coefficient 
KT Propeller thrust coefficient 
LCB Longitudinal center of buoyancy 
LPP Length between perpendicular 
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Lref Reference length 
Mi General representation for grid density, i=1:n, finest grids i=1, coarsest grid i=n 
Ø Roll angle 
Ø0 Initial roll angle 
Øm mean decay roll value 
Q Propeller torque 
RAO Response Amplitude Operator 
Re Reynolds number 
S Simulation value computed based on CFD 
S0 Wetted surface area of the ship without appendages 
SFC Shear Force Correction 
SR Wetted surface area of the rudder 
T Draft of the ship 
T Simulation time 
T Propeller thrust 
T Wave period 
t Simulation time 
TF Response Transfer Function 
U Ship Speed, axial flow velocity in x-direction 
V Axial flow velocity in y-direction 
W Axial flow velocity in x-direction 
xCG Longitudinal position of C.O.G 
Z Number of propeller blades 
zCG Vertical position of C.O.G 
Δ Ship displacement 
ΔØ Roll angle decrement 
Δ𝑡 Simulation time step 

ζ Absolute free-surface elevation 
λ Wave length 
ω Specific dissipation rate of turbulent frequency 
ω Wave circular frequency 
𝐸 Absolute error 

𝐾 Kinetic energy 
𝑃(𝑡) Fourier transform parameter 

𝑆 Control surface in fluid governing equation 
𝑉 Control volume in fluid governing equation 

𝑐 Volume fraction coefficient 
𝑛 Propeller rotation rate 

𝑝 Pressure field 
𝑢 Fluid velocity in x-direction 

𝑣 Fluid velocity in y-direction 

𝑤 Fluid velocity in z-direction 

𝒟( ) Divergence operator  
𝛻 Volume of displacement 
𝛽 Modeling coefficient for k-ω turbulence model 

𝛾 Surface tension 
𝜀 Turbulent energy dissipation 

𝜀% Relative error 
𝜇 Viscosity 

𝜌 Mass density of fluid 
𝜎 Sinkage 

𝜏 Trim 
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Abbreviations 
 

A.P. Aft Perpendicular 
ABKV Aft-Body Keel Vortices 
AIAA American Institute of Aeronautics and Astronautics 
ALE Lagrangian-Eulerian 
ASM Algebraic Stress Model 
AW Active Wall 
BEM Boundary Element Method 
BKV Bilge Keel Vortices 
BSV Bottom-Shaft Vortices 
CAD Computer Aided Design 
CFD Computational Fluid Dynamic 
CFL Courant–Friedrichs–Lewy number 
CMT Circular Motion Test 
CPU Central Processing Unit 
DARPA  Defense Advanced Research Projects Agency  
DDES Delayed Detached Eddy Simulation 
DES Detached Eddy Simulation 
DHRL Dynamic Hybrid RANS/LES 
DNS Direct Numerical Simulation  
DOF Degrees of Freedom 
DTMB David Taylor Model Basin 
DTRC David Taylor Research Center 
DW Disabled Wall 
EASM Explicit Algebraic Stress Model 
EEDI Energy Efficiency Design Index 
EEO Energy Efficiency Operational Indicator 
EFD Experimental Fluid Dynamic 
ESD Energy Saving Devices 
F.P. Forward Perpendicular 
FBKV Fore-Body Keel Vortices 
G2K Gothenburg 2000 Workshop on Computational Ship Hydrodynamics 
GD General Domain 
GHG Green-House Gases 
HMRI Hyundai Maritime Research Institute 
HPC High Performance Computing 
HSVA Hamburgische Schiffbau-Versuchsanstalt (Hamburg Ship Model Basin) 
IDB International Data Base 
IDDES Improved Delayed Detached Eddy Simulation 
IIHR Iowa Institute of Hydraulic Research 
IMO International Maritime Organization 
INSEAN Istituto Nazionale per Studi Ed Esperienze di Architettura Navale 
ITTC International Towing Tank Conference 
JBC Japan Bulk Carrier 
KCS KRISO Container Ship  
KRISO Korea Research Institute of Ships and Ocean Engineering 
KVLCC KRISO Very Large Crude Carrier 
LBM Lattice Boltzmann Method 
LDV Laser Doppler Velocimetry 
LES Large Eddy Simulation 
LIF Laser Induced Fluorescence 
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MAC Marker-And-Cell 
MARIN Maritime Research Institute of Netherlands 
MEPC Marine Environment Protection Committee 
MOERI Maritime and Ocean Engineering Research Institute 
NMRI National Maritime Research Institute 
NSE Navier-Stokes Equations 
NSWC Naval Surface Warfare Center (Carderock Division) 
NTNU Norwegian University of Science and Technology 
ONRT Office of Naval Research Tumblehome 
OU Osaka University 
PISO Pressure-Implicit with Splitting of Operators  
PIV Particle Image Velocimetry 
PMM Planar Motion Mechanism 
POW Propeller Open Water 
PTV Particle Tracking Velocimetry 
RANS Reynolds-Averaged Navier-Stokes 
RANSE Reynolds-Averaged Navier-Stokes Equations 
RAO Response Amplitude Operator 
RE Richardson Extrapolation 
RSM Reynolds Stress Model 
RTV Rudder Tip Vortices 
SDV Sonar Dome vortices 
SIMMAN Workshop on Verification and Validation of Ship Manoeuvring 

Simulation Methods 
SIMPLE  Semi-Implicit method for Pressure-Linked Equations 
SPIV Stereo Particle Image Velocimetry 
SST k-ω k-ω Shear Stress Transport turbulence model 
SV Shaft Vortices 
TKE Turbulent Kinetic Energy 
URANSE Unsteady Reynolds-Averaged Navier-Stokes Equations 
VLM Vortex Lattice Method 
VOF Volume Of  Fluid 
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