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Informations CONFIDENTIAL

Context : This presentation aims to detail the results obtained through Computational Fluid Dynamics (CFD), as part of a
validation study comparing the experimental data from the Naval Surface Warfare Center of May 2017 (Experimental Results for
the Calm Water Resistance of the Generic Prismatic Planing Hull (GPPH) by Evan Lee, Ph.D., Charles R. Weil, P.E., and Anne
Fullerton, Ph.D.) with the results from the digital test basin developed by NepTech. The study focuses on validating the
hydrodynamic performance of the GPPH model, using an intermediate mesh. This model has been used as a benchmark for
hydrodynamic studies and provides valuable reference data for CFD validation in the context of planing vessel performance.

Abbreviations : 
• AGR = « Adaptive Grid Refinement »

• CFD = « Computational Fluid Dynamics »

• ITTC = « International Towing Tank Conference »

• LCG / TCG / VCG = Longitudinal / Transverse / Vertical Position of the Center of Gravity

• QS = « Quasi-Static »

• URANS = « Reynolds-averaged Navier-Stokes »

• VoF = « Volume of Fluid »

• SST = « Shear-Stress Transport »

Date Author Approved by

10/03/2025 Tanguy Teulet Clément Rousset
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Hull geometry :

• Type : Barehull

• NepTech hull reference : GPPH

• Loading case : 101.51 kg
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Detailed characteristics of the hull Global characteristics of the hull
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a. Sign convention

Heave

The heave values correspond to the dynamic elevation of the vessel at the center of gravity, relative to its hydrostatic position, in
the absolute reference frame with the vertical axis Z oriented upwards. A positive heave value thus corresponds to a hull rise,
while a negative value indicates the hull sinking.

Pitch

The pitch values correspond to the dynamic trim of the vessel at the center of gravity, relative to its hydrostatic position, in the
absolute reference frame where the transverse axis is Y. A positive trim corresponds to a bow-up attitude of the hull.
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Mesh : HexpressTM, version 12.1 developed by CADENCE

Resolution : Fidelity Fine Marine, version 12.1 developed by CADENCE

Solver : ISIS-CFD developed by CNRS and Centrale Nantes

Computing infrastructure : 2 virtual machines of 32 cores « C2D_STANDARD_32 », optimized for computation on Google

Cloud Platform.

Post-processing :

• CFViewTM, version 12.1 developed by CADENCE

• Programming language Python version 3.11.6

*NepTech has automated the entire process, from mesh creation to post-processing of the results, to eliminate any risk of human errors.
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b. Softwares
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Modeling scale : model scale, with a symmetry plane along the vessel's median axis. This approach helps reduce computation
time while maintaining identical results.

Domain : the dimensions of the simulation domain are conformed to ITTC recommendations, ensuring that the boundaries are
positioned sufficiently far from the vessel to avoid any influence on the solution. It is crucial, especially for the exit boundary, to
place it in a way that prevents the reflection of the wave field generated by the vessel.

Hydrostatic equilibrium : the coordinates of the center of gravity are defined as follows

LCG = 0.8440 m ; TCG = 0.0000  m ; VCG = -0.0097 m

Water : corresponds to fresh water, which is
𝜌𝑤𝑎𝑡𝑒𝑟 = 995.56 𝑘𝑔/𝑚3

𝜇𝑤𝑎𝑡𝑒𝑟 = 0.7972 ∗ 10−3 𝑃𝑎. 𝑠

Air : corresponds to air at a temperature of 15°𝐶, which is
𝜌𝑎𝑖𝑟 = 1.2256 𝑘𝑔/𝑚3

𝜇𝑎𝑖𝑟 = 1.788 ∗ 10−5 𝑃𝑎. 𝑠
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c. Hypothesis

d. Environmental conditions
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Dynamic equilibrium
• The Quasi-Static (QS) method is used since we are interested in the vessel's dynamic equilibrium state. This method relies on

a succession of predictions of the vessel's physical attitude to reach the dynamic equilibrium state in record time.

• Two movements of the vessel, heave and pitch, are left free to ensure convergence toward the vessel's dynamic equilibrium
position.

Flow
The Reynolds-Averaged Navier-Stokes (URANS) equations are used to describe the flow, and they are coupled with the 𝑘 −
𝜔 𝑆𝑆𝑇 turbulence model as the closure model.

Free surface
The air-water interface is modeled using the Volume of Fluid (VoF) method. Adaptive Grid Refinement (AGR), developed by CNRS
(French National Center for Scientific Research) and Ecole Centrale de Nantes (French Engineering school), is used to model the
free surface. This iterative process allows for dynamic adjustment of the mesh according to the solution's needs during the
calculation, making refinement decisions based on the physics of the flow.
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e. Numerical models
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a. Mesh (Number of cells : total)
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The accuracy of the results regarding pressure resistance mainly depends on how the air-water interface (i.e., the free surface) is
captured during the simulation. This resistance is induced by the wave field generated by the vessel, and the quality of the mesh
for the latter plays a crucial role in this accuracy.
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a. Mesh (Free surface)

The AGR allows :

• Dynamically adapting the mesh based on the generated
wave field.

• Achieving maximum precision, as it is one of the most
advanced and reliable methods to date.

• Reducing computation time by converging more quickly
toward the dynamic equilibrium state.
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a. Mesh (Free surface)
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a. Mesh (Hull)

The accuracy of the results regarding viscous resistance mainly depends on the mesh of the hull. This resistance is caused by the
entrainment of a thin fluid film: the boundary layer.

An appropriate mesh of the boundary layer is essential to correctly capture local phenomena such as viscous effects and rapid
variations in fluid properties near the surface. It also allows for better capture and resolution of turbulent phenomena if they are
present.

The quality of the hull mesh also affects the fidelity of the 3D model representation. A clean and regular mesh improves the
reliability of the simulation, making the simulated model more representative of the actual vessel.
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a. Mesh (Hull)
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b. Courant number

The Courant number, also called the CFL (Courant-Friedrichs-Lewy) number, is a crucial parameter in computational fluid
dynamics (CFD). It measures the numerical stability of the discretization scheme used in the simulation.

An inappropriate Courant number can lead to numerical instabilities, compromising both convergence and the accuracy of the
results. In CFD, the Courant number is related to the size of the numerical time steps. It is calculated by comparing the speed of
fluid particles with the size of the cells in the simulation domain.

Recommended values : For typical resistance simulations, it is recommended to keep the Courant number below or close to 1 to
ensure maximum accuracy and reliability. Local spikes in this parameter may occur, but it is essential to control them to maintain
numerical stability and the quality of the results.
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b. Courant number (Free surface)
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b. Courant number (Hull)
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c. Y+

In the naval field, managing the Y+ parameter is crucial in computational fluid dynamics (CFD) simulations. Y+ measures the
quality of the boundary layer resolution along the submerged surfaces of ship hulls by evaluating the distance between the first
mesh point and the wall relative to the boundary layer thickness. Maintaining an appropriate Y+ is essential to ensure reliable
results in predicting resistance, drag, lift, and other critical hydrodynamic phenomena. An improper Y+ can lead to significant
errors in the prediction of forces, drag coefficients, and other key parameters.

Recommended values : For typical resistance simulations, it is
recommended that the Y+ value be between 30 and 300. This value
may be lower depending on the choice of boundary layer modeling.
Local spikes in this parameter may occur, but it is essential to control
them to maintain numerical stability and the quality of the results.
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c. Y+
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a. Forces
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a. Forces (contributions)
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b. Heave
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c. Pitch
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d. Wetted surface
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a. Mass fraction : front and rear view
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c. Free surface : near wall (common scale)
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