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Regarding the purpose of determining the hydrodynamic properties of ships, the potential uses of com-
putational fluid dynamics (CFD) have been performing significant progress. The prediction of resistance
is one of the several task that is considered to be among the most essential components when designing
a ship. The present study involves conducting numerical simulations in STAR-CCM+ to determine
the resistance and resistance coefficient produced by the Japan Bulk Carrier (JBC) hull in calm water
condition. There is also an investigation into the verification and validation processes that are carried
out using three distinct grids that have been precisely refined. The numerical findings of the study that
are very similar to the experimental findings arising from the towing tank model evaluation. Through
current numerical approaches and grid distribution are capable of effectively predicting fluid flow re-
gion that is sufficient to encompass JBC hull since wave patterns provide an accurate representation of
Kelvin wave patterns. In addition, the uncertainty of the comparison is lower than the uncertainty of the
validation which implies that the validation has been effectively achieved.

© SEECMAR | All rights reserved

1. Introduction.

Computational fluid dynamics (CFD) is employed for ge-
ometry and physics that are becoming increasingly complicated
and is being incorporation within the procedures of technologi-
cal design, due to the pressing nature of the situation, progress
have intensified to achieve agreement on the terms and ideas as
well as methodological approaches that are practical. Compu-
tational Fluid Dynamics methods have experienced significant
growth in recent years. This can be attributed to the improved
computational capabilities and the expanded application of the
Navier-Stokes equation to more intricate physical challenges.
As a result, it has become feasible to solve difficulties involv-
ing several stages as well as free surfaces flows [Gaggero, et
al., 2015]. Through the use of Computational Fluid Dynamics
(CFD), analysis of ships hydrodynamic performance, which in-
cludes calm water resistance, seakeeping, and maneuverability,
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is often accomplished [Khan, et al., 2019]. In order to find the
resistance of a ship within calm water, Niklas and Pruszko eval-
uated techniques based on numerical along with experimental
data [Niklas & Pruszko, 2019]. Zhao et al. investigated the flow
of viscous fluid surrounding the hull along with a free surface
by dealing with the Reynolds-averaged Navier-Stokes (RANS)
equations [Zhao, et al., 2005]. However, conducted computer
simulations of the viscous flow surrounding a tanker hull in or-
der to calculate the overall resistance is conducted by Farkas et
al. [Farkas, et al., 2017]

In terms of Validation and Verification, the Richardson Ex-
trapolation (RE) process is the foundation for almost every one
of the suggested processes where convergence is investigated
using grids that have been refined in a systematic manner [Richard-
son, 1911]. Verification is the procedure of identifying if the
equations have been solved accurately, whereas validation is
the procedure of discovering if the appropriate equations have
been solved [Roache, 1998]. During the verification process,
the principal cause of numerical inaccuracy arises from both it-
eration and discretization. However, the overwhelming factor
contributing to this inaccuracy is the discretization process. On
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the contrary, validation assesses the level of precision at which
the computational model represents the actual physical situa-
tion in conjunction with the experimental fluid dynamics (EFD)
results.

This investigation aims to calculate the resistances and the
total resistance coefficient of the Japan Bulk Carrier (JBC) hull
in calm water condition at Froude Number 0.142. Furthermore,
a standard Verification and Validation (V&V) procedure is uti-
lized to regulate and comprehend the models and numerical
inaccuracies in the calculations. The simulation is conducted
using the commercial system STAR-CCM+ in this investiga-
tion. The initial steps commenced with the establishment of co-
ordinate framework to develop the computational domain, and
the specification for boundary conditions. The k–ε turbulence
model which has been employed for encapsulating RANS equa-
tions. Volume of Fluid (VOF) approach is utilized for accu-
rately representing and track the interface between two fluids,
specifically capturing the free surface. The grid convergence
study relies on three distinct sets of sequentially refined grids.

2. Numerical Background.

The Reynolds-Averaged Navier-Stokes (RANS) equations
are utilized as governing equations for the modelling of an un-
stable incompressible viscous flow with two phases field. The
RANS and VOF equations are converted into computational
form and discretized by the application of the finite volume
method (FVM). In contrast, governing equations that can be
utilized for solving the difficulty of an unsteady, three dimen-
sional, and viscous flow. The continuity equation and momen-
tum equation are expressed as [Yu, et al., 2019]:

Continuity Equation:

∇ · U = 0

Momentum Equation:

∂ρU
∂t + ∇ ·

(
ρ
(
U − Ug

)
U
)
= −∇pd − g · x∇ρ + ∇·(

µe f f∇U
)
+ (∇U) · ∇µs f f + fσ + fs

The variables in the equation are defined as follows: U de-
notes the velocity of the fluid, Ug indicates the velocity of the
grid, pd refers the dynamic pressure, ρ is mixed the density of
the multiphase and g signifies the acceleration due to gravity.
The effective dynamic viscosity, expressed as µe f f , can be cal-
culated as the sum of (ν+ νt), where ν denotes the kinetic vis-
cosity and νt indicates the eddy viscosity. The surface tension
term is denoted by fσ, which influence can be detected on the
free surface and the source term is defined by fs that is a sponge
layer is incorporated for efficiently absorbing the created wave.

For the purpose of dealing with the interface between multi-
phase, Volume of Fluid (VOF) approach with constrained com-
pression is utilized [Weller, 2008]. Through the process of re-
solving an advection equation, it’s possible to ascertain the vol-
ume fraction function. The general transpose equation is given
below:

∂α

∂t
+ ∇ ·

[
ρ
(
U − Ug

)
α
]
+ ∇ · [Ur (1 − α)α] = 0

In the Volume of Fluid (VOF) approach, each phase of the
two-phase system is assigned a distinct volume fraction (α). A
value of 0 represents the presence of air in the cell, while a value
of 1 represents the presence of water. A value between 0 and
1 indicates the interface between the two-phase fluid. Ur is the
field of velocities employed for interface compression.

The k–ε turbulence model is utilized in this investigation to
predict the average flow properties in turbulent flow conditions
having a greater accuracy. The k–ε turbulence model is a type
of eddy viscosity model that consists of two equations. The k-ε
model utilizes the transport equations [Versteeg and Malalasek-
era (2006)] that are provided below, where k represents the tur-
bulent kinetic energy and ε represents the dissipation rate of the
energy produced.

∂(ρk)
∂t +div(ρkU) = div

[
µt
σk

gradk
]
+2µtS i j·S i j−ρε

∂(ρε)
∂t +div(ρεU) = div

[
µt
σε

gradε
]
+C1ε

ε
k 2µtS i j·S i j−C2ερ

ε2

k

The variable µt indicates the eddy viscosity, whileσε and σk

are Prandlt numbers. The variable S i j depicts the rate of defor-
mation.

3. Geometry.

The following figure displays the geometric structure of the
bulk carrier model. Additionally, Table 1 provides a compre-
hensive description of the ship’s features as well as the details
of the model.

Figure 1: Geometry of JBC Hull.

Source: Authors.

The table provided, Table 1, contains the principal dimen-
sions and details of JBC hull and the scale ratio is 1:40.

Table 1: Principal particulars of JBC Hull.

Source: Authors.
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For the purpose of the resistance test, the water conditions
were kept calm throughout the process. The current investiga-
tion of the main body of the ship is being carried out using a
numerical simulation, using the accurate model hull speed of
1.179 m/s at Froude Number 0.142 and because of symmetry,
just half of the model is simulated. The experimental data had
been obtained through the CFD workshop that took place in
Tokyo in 2015 [Hino, et al., 2020].

4. Computational Domain and Boundary Conditions.

A computational domain is utilized for numerical simula-
tion, with the domain expanding in three orthogonal directions:
-3.0 Lpp < X < 2.57Lpp, 0 < Y < 2.57Lpp, and -1.285Lpp < Z
< 2.57Lpp.

Figure 2: Computational Domain.

Source: Authors.

As shown in Figure 2, all of the domain’s faces have had
the following boundary conditions applied to them as well as
the surface of the hull. For the hull, it has been specified as
wall, which signifies the no slip conditions.

Table 2: Boundary Conditions of the Domain Faces.

Source: Authors.

5. Mesh Generation.

Three grids were used throughout the simulation, and each
grid had been generated with a separate base mesh size. This
method for creating meshes makes use of a Trimmed cell mesher
as well as a prism layer mesher around the margins of walls
for improving the precision of the resolution of boundary layer
when it was in close proximity to solid objects. For the purpose
of reproducing standard flow patterns in turbulent flow circum-
stances, the k - ε Turbulence model with all y+ layers treatment
provides the necessary framework. The subsequent illustration
displays detailed grid distributions.

Figure 3: Mesh Distribution around (a) Domain (b) Hull.

Source: Authors.

The mesh refinement that was performed in order to effec-
tively capture the free surface in addition resemble the Kelvin
wake pattern of the JBC model.
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Figure 4: Mesh Refinement (a) Isometric View (b) at Free Sur-
face.

Source: Authors.

6. Results and Discussion.

In the implicit unsteady solver, the physical time step is cho-
sen in accordance with the ITTC guideline, which results in the
mathematical formulation that is ∆t = 0.005 ∼ 0.01 L/U [ITTC,
2011]. The time step is denoted by ∆t, the length between per-
pendiculars is denoted by L, and the flow velocity is denoted
by U. Within the simulations, a time step of 0.04 seconds was
utilized throughout the process. For grid independence study,
the total resistance that was acquired at Froude Number 0.142
for each of the different grids is displayed below.

Table 3: Grid Independence Study at Froude Number 0.142.

Source: Authors.

The results of comparative analysis of the Resistance Co-
efficient with the results of CFD as well as EFD [Hino, et al.,
2020] at Froude number 0.142 are shown below.

Table 4: Comparative Study of CFD and EFD results at Froude
Number 0.142.

Source: Authors.

The overall resistance coefficient that yields the best results
is 4.24x10−3, which additionally appears to have the lowest de-
viation of 1.16%.

The provided figure illustrates the free surface generated by
the hull at a Froude number of 0.142.

Figure 5: Free Surface.

Source: Authors.
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The following graphic depicts the wave patterns formed by
the hull at Froude number 0.142.

Figure 6: Wave Patterns around the Hull (a) Top View (b) Iso-
metric View.

Source: Authors.

The provided figure illustrates the hull’s pressure distribu-
tion at Froude number 0.142.

Figure 7: Pressure Distribution around the hull.

Source: Authors.

The picture that has been provided contains an illustration
of the velocity contour of the hull at Froude number 0.142.

Figure 8: Velocity Contour around the hull.

Source: Authors.

Finally, A comparison is made between the measurement of
wave elevation on JBC Hull Surface and the outcomes from the
experiment [Hino, et al., 2020] at Froude Number 0.142 in the
accompanying figure.

Figure 9: Comparison of Wave Elevation.

Source: Authors.

7. Validation and Verification.

The finite volume approach involves the numerical solution
of partial differential equations involving RANS equations, re-
sulting in the introduction of discretization inaccuracies. In
terms of theory, there has been proposed that increasing the
number of cells through discretization can minimize any in-
accuracies. However, in the field of numerical analysis, it is
necessary to investigate and analyze errors and uncertainties.

Solutions of fine, medium, and coarse mesh enhancement
are denoted by the letters S1, S2 and S3 respectively. Hence the
convergence ratio,

RG=
ε21

ε32
=

S 2−S 1

S 3−S 2
= 0.077

According to the conclusions of ITTC [ITTC, 2002], there
exist three potential convergence possibilities:

i. Monotonic convergence: 0 < RG < 1
ii. Oscillatory convergence: RG < 0
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iii. Divergence: RG > 1

Considering that the result is smaller than 1, the conver-
gence is considered to be monotonic Convergence.

In this study, the systematic grid refinement ratio, rg is √2
and, the PGest is 2 and it is an approximation of the order of
precision decreases because the separation size approaches to
zero. The order of accuracy pG, first order of RE δRE correction
factor CG are determined below.

pG=
ln (ε32/ε21)

ln(rg)
=7.4

δRE=
ε21

rg
pG−1

=3.33× 10 − 7

CG=
rg

pG−1
rpGest −1

=12.00

The uncertainty of the grid, denoted as UG, is determined in
the following manner:

UG= |CGδRE |+ |(1−CG) δRE |= 7.67×10−6

The corrected solution can be determined by,

Sc = SG1 - δ*G1 = 4.236× 10 − 3

Where, SG1 = S1

And, δ*G1 = CG × δRE

The corrected answer has a precision of 99.91% in compar-
ison to the original simulated outcome of S1.

The error in comparison

E=S 1−D = 5×10−5 which is 1.16%D.

Where, S1 = Simulated Result of CT at fine mesh
And, D = Experimental Result of CT

The numerical uncertainty is determined using the follow-
ing equation:

US N=

√
U2

G+U2
I

Assuming that the iterative uncertainty (UI ) is much smaller
than the grid uncertainty (UG ) (i.e., UI ≪UG ), the overall un-
certainty (USN ) can be approximated as U.

US N = UG = 7.67×10−6 which is 0.18%D.

To determine the validation uncertainty, the following equa-
tion that is presented below is used:

UV=
√

US N
2+UD

2 = 1.075×10−4 which is 2.51%D.

Here, experimental data uncertainty, UD = 2.5% of D.
A tabular representation of the comparison error E, the vali-

dation uncertainty UV , for the solution parameter may be found
in Table 5.

Table 5: Comparison Error and Validation Uncertainty.

Source: Authors.

As, |E|<UV , according to Wilson [Wilson, et al., 2001] as-
serts that the fact that this criterion (|E|< UV ) exists indicates
that the results have been successfully Validated.

Conclusions.

In the current investigation, numerical simulations are car-
ried out in STAR-CCM+ which utilizes the Finite Volume Me-
thod (FVM) as its foundation to estimate resistance and resis-
tance coefficient generated by a Japan Bulk Carrier (JBC) hull
in calm water at Froude number 0.142. Additionally, a study on
verification and validation is additionally carried out. The k − ϵ
turbulence model with two equations is employed to provide the
closure of the Reynolds Averaged Navier-Stokes (RANS) equa-
tion with the intention of obtaining pressure and velocity fields
respectively. Volume of Fluid (VOF) is utilized to precisely
identify the location of free surface between the multiphases. A
comparison is made between the numerical results and the em-
pirical findings that are currently accessible. The wave patterns
accurately depict the Kelvin wave patterns whereas the wave
elevation precisely mimics that observed in the experiment. To
execute verification and validation study, three sets of grids that
have been carefully enhanced and have specific a refinement ra-
tio of √2 are developed as well as employed. The comparison
errors to predict the resistance within the outcomes of the sim-
ulation along with the results of the experiment are less than
two percent. The validation uncertainty, which is determined
by considering both the numerical uncertainty alongside the ex-
perimental uncertainty, amounts to 2.51% of the EFD data. In
contrast, the comparison error constitutes 1.16% of the EFD
data. This indicates that the validation has been successfully
accomplished and the modeling error is lower than the level of
noise introduced by CFD and EFD. Additional refinement of
the mesh can be performed in order to reduce the inaccuracies
even further, but this will require a greater level of computing
accessibility.
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