SR

Direktorat Jenderal Penguatan:Riset dan Pengembangan,
Kementerian Riset, Teknologi, dan Pendidikan Tinggi

RISTEKDIKTI

Kutipan dari Keputusan Direktur Jenderal Penguatan Riset dan Pengembangan,
Kementerian Riset, Teknologi, dan Pendidikan Tinggi Republik Indonesia
Nomor: 10/E/KPT/2019

Tentang Hasil Akreditasi Jurnal llmiah Periede 2 Tahun 2019

SINERGI

E-ISSN: 24601217

Penerbit: Universitas Mercu Buana

Ditetapkan sebagai Jurnal llmiah

- TERAKREDITASI PERINGKAT 2

Akreditasi berlaku selama 5 (lima) tahun, yaitu

d Dimyati
84021001



SINERGI

pP-ISSN: 1410-2331 e-ISSN: 2460-1217
VOL. 26, NO. 2, JUNE 2022

Accredited SINTA 2 by KEMENRISTEKDIKTI, Decree No: 10/E/KPT/2019

SINERGI VoL 26 | No.2 | PAGES JUNE 2022 p-ISSN: 1410-2331
127-272 e-ISSN: 2460-1217




PISSN: 1410-2331 - elSSN: 2460-1217

®  SINERGI

@@ Vol. 26, No. 2, June 2022

Editor in Chief

Editorial Board

Editorial Staff

Editorial Address

Prof. Dr. Andi Adriansyah (UMB, Indonesia)

Prof. Dr. Chenwei Deng (Beijing Institute of Technology, China)
Prof. Dr. Makbul Anwari (King Abdul Aziz Univ., Saudi Arabia)
Prof. Dr.-Ing Mudrik Alaydrus (UMB, Indonesia)

Prof. Dr. Muji Setiyo (UNIMMA, Indonesia)

Prof. Dr. Nangkula Utaberta (UCSI University, Malaysia)
Assoc. Prof. Dr. Ahmad Fithriady (UMT, Malaysia)

Assoc. Prof. Dr. Ahmed Turan Ozdemir (Erviyes Univ., Turkey)
Assoc. Prof. Hasliza A. Rahim (UniMAP, Malaysia)

Assoc. Prof. Mahadzir Ishak (UMP, Malaysia)

Dr. Agab Bakheet Mohammednour (Al-Neelain University, Sudan)
Dr. -Ing. Darwin Sebayang (UMB, Indonesia)

Dr. Denny Setiawan (Kementrian Kominfo RI, Indonesia)

Dr. -Ing. Galih Bangga (Univ. of Stuttgard, Germany)

Dr. Ghaida Muttashar Abdulsahib (Univ. of Technology, Iraq)
Dr. Hatsari Mitsudharmadi (Abu Dhaby Polytechnic, UAE)

Dr. Jae Hyun Yun (Sungkyunkwan Univ., Republic of Korea)
Dr. Muchamad Oktaviandri (Universitas Bung Hatta, Indonesia)
Dr. Osamah Ibrahim Khalaf (An-Nahrain University, Iraq)

Dr. Rosyida Permatasari (Universitas Trisakti, Indonesia)

Dr. Setiyo Budiyanto (UMB, Indonesia)

Dr. Sunday Ayoola Oke (University of Lagos, Nigeria)

Dr. Teguh Prakoso (Universitas Dipenogoro, Indonesia)

Dr. Zulfa Fitri Ikatrinasari (UMB, Indonesia)

Yananto Mihadi Putra
Mega Avianti

Fakultas Teknik Universitas Mercu Buana

JI. Raya Meruya Selatan, Kembangan, Jakarta 11650
Tlp/Fax: 021-5871335
http://www.publikasi.mercubuana.ac.id/index.php/sinergi

SINERGI is a peer-reviewed journal published three times a year in February, June and October. The
journal is published by Faculty of Engineering, Universitas Mercu Buana. Each publication contains
articles comprising high quality theoretical and empirical original research papers, review papers, and
literature reviews that are closely related to the fields of Engineering (Mechanical, Electrical,
Industrial, Civil and Architecture). The theme of paper is focused on new industrial applications and
energy development that synergized with local, green and sustainable technologies.


mahfudin
Highlight

mahfudin
Highlight

mahfudin
Highlight

mahfudin
Highlight

mahfudin
Highlight

mahfudin
Highlight

mahfudin
Highlight


PISSN: 1410-2331 - elSSN: 2460-1217

&  SINERGI

@'@ Vol. 26, No. 2, June 2022

TABLE OF CONTENTS

Bayesian networks approach on intelligent system design for the diagnosis of 127-136
heat exchanger

Dedik Romahadi, Fajar Anggara, Rikko Putra Youlia, Hifdzul Luthfan Habibullah,

Hui Xiong

Department of Mechanical Engineering, Faculty of Engineering, Universitas Mercu

Buana, Indonesia

Beijing Institute of Technology, China
How to boost the flow shop manufacturing agility using hybrid Genetic Tabu 137-144
Search in scheduling

Moch Saiful Umam, Jutono Gondohanindijo

School of Postgraduate Studies, Diponegoro University, Indonesia

Department of Informatics, Faculty of Engineering and Informatics, AKI University,

Indonesia
The process mining method approach to analyze users’ behavior of internet in 145-154
the Local Area Network of Sriwijaya University

Muhammad Irfan Jambak, Amrifan S. Mohruni, Muhammad lhsan Jambak, Endy

Suherman

Department of Electrical Engineering, Faculty of Engineering, Universitas

Sriwijaya, Indonesia

Department of Mechanical Engineering, Faculty of Engineering, Universitas

Sriwijaya, Indonesia

Information & Communication Technology Technical Implementation Unit,

Universitas Sriwijaya, Indonesia
Seismic performance of moment frames under multiple fling-step pulse ground 155-164
motions

Ade Faisal, Afiful Anshari, Bambang Hadibroto, Ahmad Fahmy Kamarudin

Department of Civil Engineering, Faculty of Engineering, Universitas

Muhammadiyah Sumatera Utara, Indonesia

Department of Civil Engineering, Faculty of Engineering, Universitas Negeri

Medan, Indonesia

Faculty of Civil Engineering and Environment, Universiti Tun Hussein Onn

Malaysia, Malaysia
Recondition injector nozzle and its pressure effect on performance parameters 165-172
of diesel engine Komatsu types SAA12V140E-1

Amiral Aziz, Zul Fahmi

Department of Mechanical Engineering, Islamic University of Assyafi'iyah,

Indonesia

Research Center for Energy Conversion Technology (B2TKE) — National

Research and Innovation Agency (BRIN), Indonesia
Experimental investigation of course stability on a barge during damaged 173-184
conditions

Suandar Baso

Department of Naval Architecture, Faculty of Engineering, Hasanuddin University,

Indonesia
The linkage of water quality measurement the downstream of the Citarum 185-192
cascade reservoir management

Lieza Corsita, Arwin Sabar, Barwin Setiani Muntalif, Indah Rachmatiah S. Salami

Department of Environmental Engineering, Faculty of Civil Engineering and

Design, Universitas Sains dan Teknologi Jayapura, Indonesia

Department of Environmental Engineering, Faculty of Civil Engineering and

Design, Institut Teknologi Bandung, Indonesia


mahfudin
Highlight

mahfudin
Highlight


Employing a Decision Support System (DSS) application system to modify a
non-standard wall-mounting electrical panel using a 3D CAD modelling
Muhammad Arifur Rahman, Sally Cahyati
Mechanical Engineering Department, Trisakti Universitas Trisakti, Indonesia
The effect of variation of shear walls placement on the response of building
structure using the Direct Displacement-Based Designh method
Hanif Satria Aji, Anis Rosyidah, Jonathan Saputra
Department of Civil Engineering, Politeknik Negeri Jakarta, Indonesia
Comparative analysis of classification algorithm: Random Forest, SPAARC, and
MLP for airlines customer satisfaction
Safira Amalia, Irene Deborah, Intan Nurma Yulita
Graduate Program of Science Management, Universitas Padjadjaran, Indonesia
Department of Computer Science, Universitas Padjadjaran, Indonesia
An analysis of the effect of the bow entrance angle on ship resistance
S. Samuel, Sam Timoty Frans Evan S., Andi Trimulyono, Muhammad Igbal
Department of Naval Architecture, Faculty of Engineering, University of
Diponegoro, Indonesia
Department of Naval Architecture, Ocean, and Marine Engineer, University of
Strathclyde, United Kingdom
Effectiveness of capsules installation containing paraffin wax in a solar water
heater
Muhammad Nadjib, Wahyudi Wahyudi, Fajar Anggara, Yosua Heru Irawan
Department of Mechanical Engineering, Faculty of Engineering, Universitas
Muhammadiyah Yogyakarta, Indonesia
Department of Mechanical Engineering, Faculty of Engineering, Universitas Mercu
Buana, Indonesia
Department of Mechanical Engineering, Faculty of Engineering, National Taiwan
University of Science and Technology, Taiwan
Effect of forging load and heat treatment process on the corrosion behavior of
A588-1%NI for weathering steel application in a marine environment
Miftakhur Rohmah, Permana Andi Paristiawan, Toni B. Romijarso
Research Center for Metallurgy and Materials - National Research and Innovation
Agency (BRIN), Indonesia
Performance on soil utilization model as interlock block wall material
Muhammad Zakaria Umar
Department of Architecture, Program of Vocational Education, Halu Oleo
University, Indonesia
Post-Irradiation Mechanical Properties Prediction of Al 6070 of MTR-Fuel Bundle
for Cutting Process
Antonio Gogo Hutagaol, Imam Hidayat, Maman Kartaman Ajiriyanto, Supaat
Zakaria
Department of Mechanical Engineering, Faculty of Engineering, Universitas Mercu
Buana, Indonesia
Research Center for Nuclear Fuel Cycle and Radioactive Waste Technology,
National Research and Innovation Agency (BRIN), Indonesia
Department of Mechanical Engineering, Politeknik Ungku Omar, Malaysia
Determination of the parameters of the firefly method for PID parameters in
solar panel applications
Machrus Ali, Hadi Suyono, Muhammad Aziz Muslim, Muhammad Ruswandi Djalal,
Yanuar Mahfudz Safarudin, Aji Akbar Firdaus
Department of Electrical Engineering, Universitas Darul Ulum, Indonesia
Department of Electrical Engineering, Universitas Brawijaya, Indonesia
Departement of Electrical Engineering, Politeknik Negeri Ujung Pandang,
Indonesia
Departement of Electrical Engineering, Politeknik Negeri Semarang, Indonesia
Department of Engineering, Universitas Airlangga, Indonesia

193-200

201-212

213-222

223-228

229-236

237-248

249-256

257-264

265-272


mahfudin
Highlight

mahfudin
Highlight


SINERGI Vol. 26, No. 2, June 2022: 223-228
http://publikasi.mercubuana.ac.id/index.php/sinergi
http://doi.org/10.22441/sinergi.2022.2.011

An analysis of the effect of the bow entrance angle on ship )

resistance

Check for
Updates

S. Samuel?, Sam Timoty Frans Evan S.}, Andi Trimulyono!, Muhammad Igbal?
!Department of Naval Architecture, Faculty of Engineering, University of Diponegoro, Indonesia
2Department of Naval Architecture, Ocean, and Marine Engineer, University of Strathclyde, United Kingdom

Abstract

Modifying the hull shape is one of the challenges in designing a
ship. The angle of the ship's entrance is a significant determinant of
the total resistance of the ship. This research aimed to analyze the
total resistance of the ship due to changes in the shape of the ship's
bow. This research used the Computational Fluid Dynamics (CFD)
method with overset mesh technique to predict the ship's total
resistance and trim angle. Parameters used in the five-speed
numerical simulations. This research indicated that a change in the
bow angle of the ship results in a 5% change in the ship's
resistance for every change in the bow entrance angle. Therefore,
the prediction of total resistance shows significant results in
planning conditions. Compared to another bow entrance angle at
low Fr, total resistance has no noticeable differences. Angle
changes of the entrance of the ship's bow also significantly affected
the trim conditions on the ship according to the speed. At Fr 1.03,
the stern trim angle tended to decrease dramatically. As a result,
the trim by stern under porpoising probably oscillates considerably.

This is an open access article under thelCC BY-NCllicense
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INTRODUCTION

A planning hull ship is a ship that has more
than one Froude Number (Fr). The high speed of
a ship is directly related to the characteristics of
the drag and shape of the hull. A planning hull
ship is designed at speed and can be lifted to
reduce frictional resistance and wave resistance
. High-speed ships cause a dynamic effect on
the hull, namely trim. It happens because of the
hydrodynamic characteristics of the hull geometry
[2]. Planning hull ships are designed by taking
into account their hydrodynamic characteristics.
Modifying the hull's shape can improve the drag
and maneuverability of the ship [3].

The modification or engineering of the hull
shapes reduces the ship's resistance and the
main propulsion energy of the ship, which will
impact economic and technical factors when the
ship is operating. The shape of the ship's bow is
critical, especially the ship's speed . The angle

of entry (a) is the angle formed by the horizontal
axis factor or the centerline, which is the
longitudinal line of the ship with the ship's
waterline when the ship is fully loaded .

Research conducted by Eko et al
regarding the hull entrance @ showed that each
modification of the angle of 3° changed the
resistance by approximately 3.5%. Meanwhile, in
Yu et al. , the optimal shape of the bulk carrier
ship that did not use a bulbous bow reduced
13.2% wave resistance and 13.8% additional
resistance. A numerical ventilation issue arises in
numerical simulation research. Studies have
been done to predict the overall drag of high-
speed vessels

Trim is a concept relating to ship dynamics
at a high-speed vessel. It required a trim control
device [9]. This research aimed to analyze the
ship's resistance by engineering the bow angle
on a planning type ship based on previous

S. Samuel et al., An analysis of the effect of the bow entrance angle on ship resistance
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Abstract

The heat exchanger highly influences the series of cooling
processes. Therefore, it is required to have maximum performance.
Some of the factors causing a decrease in its performance are
increased pressure drop in the Plate Heat Exchanger (PHE),
decreased output flow, leakage, flow obstruction, and mixing of
fluids. Furthermore, it takes a long time to conclude the diagnosis of
the performance and locate the fault. Therefore, this study aims to
design an intelligent system for the performance diagnosis of the
PHE using the Bayesian Networks (BNs) method approach. BNs
are applied to new problems that require a new BNs network model.
The system was designed using MSBNX and MATLAB software,
comprising several implementation stages. It starts by determining
the related variables and categories in the network, making a
causality diagram, determining the prior probability of the variable,
filling in the conditional probability of each variable, and entering
evidence to analyze the prediction results. This is followed by
carrying out a case test on the maintenance history to display the
probability inference that occurs during pressure drop on the PHE.
The result showed that the BNs method was successfully applied in
diagnosing the PHE. When there is evidence of input in the form of
a pressure drop, the probability value of non-conforming pressure-
flow becomes 61.12%, PHE clogged at 73.59%, and actions to
clean pipes of 70.18%. In conclusion, the diagnosis carried out by
the system showed accurate results.

This is an open-access article under thelCC BY-NCllicense
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INTRODUCTION

In the steel plate-making manufacturing
industry, several types of machines are used to
convert semi-finished steel into plates. Each
machine has a hydraulic oil and lubrication
system with several components: a tank, pump,
filter, accumulator, water circulation, and heat
exchanger. One of the extremely critical or
important components is the Heat Exchanger
(HE). This device is used to exchange heat
from one fluid to another using temperature
differences.

Furthermore, this heat exchange occurs
through direct or indirect contact . The fluid
exchanged is either in the same phase, liquid to
liguid or gas to gas, or in two different phases
. This tool is widely used in the industrial
world due to its important function. There are
many kinds of HEs based on their shape,
including the Plate Heat Exchanger (PHE),
which consists of a plate and frame, where the
heat transfer process occurs between the two
fluids on the side of the heat exchanger plate

[2][5][6]

D. Romahadi et al., Bayesian networks approach on intelligent system design ...

127


http://creativecommons.org/licenses/by-nc/4.0/
mahfudin
Highlight

mahfudin
Highlight


SINERGI Vol. 26, No. 2, June 2022: 145-154
http://publikasi.mercubuana.ac.id/index.php/sinergi
http://doi.org/10.22441/sinergi.2022.2.003

# SINERGI

The process mining method approach to analyze users’

behavior of internet in the Local Area Network of Sriwijaya

University

Check for
updates

Muhammad Irfan Jambak?, Amrifan S. Mohruni?, Muhammad Ihsan Jambak®, Endy Suherman*
!Department of Electrical Engineering, Faculty of Engineering, Universitas Sriwijaya, Indonesia

2Department of Mechanical Engineering, Faculty of Engineering, Universitas Sriwijaya, Indonesia

3Department of Informatics Management, Faculty of Computer Science, Universitas Sriwijaya, Indonesia

4Information & Communication Technology Technical Implementation Unit, Universitas Sriwijaya, Indonesia

Abstract

The Sriwijaya University internet network management unit does not
yet have a standard formulation for implementing Bandwidth
Management & Bandwidth Allocation. To provide the best service,
they apply the Best-Effort Service concept. As a result, it requires a
relatively large network capacity and bandwidth provision so that it
has an impact on costs. Therefore, it is necessary to know how users
use internet bandwidth as the basic principle of Bandwidth
Management & Bandwidth Allocation. This study has completed how
to determine the behavior of internet users on the campus LAN as a
reason to evaluate internet bandwidth usage. With the Process
Mining method, process mapping has been carried out for all access
to internet usage from all faculties. As a result, the factors that
characterize and need to be considered in bandwidth management
are obtained. In order of significance are Total Access Length,
Average Variance, Number of User Case IDs, Number of Non-
Academic Ports, Number of Academic Ports, Number of Access
Frequency, Number of Events, and Number of Ports of Service.

This is an open access article under thelCC BY-NCl|license
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INTRODUCTION

Quality of Service (QoS) of the internet
network is determined mainly by network
management, defined as the various activities,
methods, and knowledge required to manage
computer networks. QoS parameters consist of
Bandwidth, Throughput, Latency/Delay, Jitter,
and Packet Loss . QoS is also a term
used to define the ability of a network to provide
different levels of service assurance. Or it can be
said that QoS is a network mechanism that
allows services to operate according to the
needs expected by users. Thus, QoS can make
bandwidth, latency, and jitter predictable and
tailored to the needs of the network users. There
are three levels of QoS that can be used:
a. Best-Effort service: makes all efforts to

deliver a packet to a destination;

b. Integrated service: provides applications with
a level of service assurance that parameters
have been negotiated end-to-end;

c. Differentiated service: provides a set of
classification tools and a queuing mechanism
for protocols with specific priorities on
different networks.

Bandwidth is the maximum amount of data
transferred from one point to another within a
certain period, so the unit is bits per second
(bps). Bandwidth management on the network is
essential because bandwidth on a computer
network is valuable. Several bandwidth
management methods include Traffic Shaping
(Rate  Limiting),  Scheduling  Algorithms,
Congestion Avoidance, Bandwidth Reservation
Protocols, and Traffic Classification.

M. I. Jambak et al., The process mining method approach to analyze users’ behavior of ...
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Abstract

Modifying the hull shape is one of the challenges in designing a
ship. The angle of the ship's entrance is a significant determinant of
the total resistance of the ship. This research aimed to analyze the
total resistance of the ship due to changes in the shape of the ship's
bow. This research used the Computational Fluid Dynamics (CFD)
method with overset mesh technique to predict the ship's total
resistance and trim angle. Parameters used in the five-speed
numerical simulations. This research indicated that a change in the
bow angle of the ship results in a 5% change in the ship's
resistance for every change in the bow entrance angle. Therefore,
the prediction of total resistance shows significant results in
planning conditions. Compared to another bow entrance angle at
low Fr, total resistance has no noticeable differences. Angle
changes of the entrance of the ship's bow also significantly affected
the trim conditions on the ship according to the speed. At Fr 1.03,
the stern trim angle tended to decrease dramatically. As a result,
the trim by stern under porpoising probably oscillates considerably.

This is an open access article under the CC BY-NC license
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INTRODUCTION

A planning hull ship is a ship that has more
than one Froude Number (Fr). The high speed of
a ship is directly related to the characteristics of
the drag and shape of the hull. A planning hull
ship is designed at speed and can be lifted to
reduce frictional resistance and wave resistance
[1]. High-speed ships cause a dynamic effect on
the hull, namely trim. It happens because of the
hydrodynamic characteristics of the hull geometry
[2]. Planning hull ships are designed by taking
into account their hydrodynamic characteristics.
Modifying the hull's shape can improve the drag
and maneuverability of the ship [3].

The modification or engineering of the hull
shapes reduces the ship's resistance and the
main propulsion energy of the ship, which will
impact economic and technical factors when the
ship is operating. The shape of the ship's bow is
critical, especially the ship's speed [4]. The angle

of entry (a) is the angle formed by the horizontal
axis factor or the centerline, which is the
longitudinal line of the ship with the ship's
waterline when the ship is fully loaded [5].

Research conducted by Eko et al
regarding the hull entrance [6] showed that each
modification of the angle of 3° changed the
resistance by approximately 3.5%. Meanwhile, in
Yu et al. [7], the optimal shape of the bulk carrier
ship that did not use a bulbous bow reduced
13.2% wave resistance and 13.8% additional
resistance. A numerical ventilation issue arises in
numerical simulation research. Studies have
been done to predict the overall drag of high-
speed vessels [8].

Trim is a concept relating to ship dynamics
at a high-speed vessel. It required a trim control
device [9]. This research aimed to analyze the
ship's resistance by engineering the bow angle
on a planning type ship based on previous

S. Samuel et al., An analysis of the effect of the bow entrance angle on ship resistance
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research. Because changes in the trim angle
significantly affected the total ship resistance, this
research examined the trim angle's effect on the
ship's resistance.

METHOD
Ship’s Geometry

The research object was the planning hull
ship. The analysis of this research aimed to
predict the value of total resistance and trim. The
main dimension of ships can be seen in Table 1.

Figure 1 was a ship in 3D as the initial
design. The initial design of the ship used a bow
entrance angle of 22°. Changes in the ship's hull
entrance were done by engineering the ship's
lines plan on the draft. Figure 2 was a half
breadth plan with a change in the ship's hull
entrance of 3°. By changing the angle of the bow
entrance, the ship's volume displacement will
change less than 6x10* %. The modified ship
displacement value showed a similar value.

Hull Variation

The variation used in this research was
based on the Lackenby method [10] with a curve
relationship, namely Draft water line (DWL) and
Sectional Area Curve (SAC), and implemented

by [11].

Table 1. The main dimension

Parameter Description
Scale 1:1
Type Planning Hull
Length Overall 15.00 m
Length of Waterline 13.35 m
Length of Perpendicular 13.25 m
Breadth 4.00 m
Draft 0.76 m
Depth 213m
Displacement 16.26 ton
Coefficient Block 0.41
Entrance Angle 20

Figure 1. Body Plan of Ship

o 3°

25@?‘“%

B

Figure 2. Half Breadth Plan View

o = top angle of entrance

p = bottam angle of entrance

af

[B
Length of Entrance

Figure 3. Variation of Hull Entrance

The parameter was done using the variables of a
and B, as shown in Figure 3. This is because the
values of a and § had the same value.

Ship modelling was done by making 2-D
and 3-D models. The modelling used NURBS as
a representation of the ship's geometry. NURBS
is a mathematical model to help interface ship’s
geometry.

Computational Fluid Dynamics (CFD)

Computational Fluid Dynamics (CFD) is a
computer-based fluid simulation. The two-phase
flow of air and water is modelled using a Fully
Eulerian formulation for fluid-structure-interaction.
Problems involving immiscible fluid mixes and
free surfaces are solved using the Volume of
Fluid (VOF) multiphase model. The Dynamic
Fluid Body Interaction (DFBI) module calculates
a vessel's motion in response to forces. Heave
and trim are set to be free, but roll and sway are
fixed.

CFD solutions were used to calculate the
resistance and dynamic pressure acting on the
hull's surface. In the present research, the
Reynolds-Averaged  Navier-Stokes  (RANS)
equation is based on the conservation of mass
and momentum in the fluid domain. Fluid was
assumed to be two-phase and incompressible.
The above momentum equation's Reynolds-
averaged form, which includes turbulent shear
forces, is given by:

VvV=0 (1)
avVv
pa =-VP + pAV + V-Tp, + Sy (2)

Where V is volume, V is an average velocity
vector, p is density, P is the average compressive
field, p is dynamic viscosity, t is time, Tre is a
Reynolds stress tensor, A is displacement, and
SM is a vector of momentum sources. According
to the Boussinesqg hypothesis, the Tre component
is calculated using the specified turbulence
model:

oV, ov)\ 2
Re__ I .z
ge= (—axj + —aXi) pkd., (3)
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where p; is the turbulent viscosity, k is the
turbulent kinetic energy. The turbulence models
can be used to cover hydrodynamic problems in
the RANS method. The two equations turbulence
model is widely used in hydrodynamics, such as
SSTk-wand k -€[12].

This research used an overset mesh to
model the ship on the moving fluid problem. An
offset grid is advantageous when dealing with
fluid-structure  interactions involving moving
bodies. In the overset grid system, the
overlapping mesh was used, and an overlapping
grid block surrounding the planning hull was put
on top of a background grid, which moves
together with the ship's motion. Using an overset
mesh involves the creation of one or more
overset regions, which contain the physical
bodies, and one or more background regions,
which are closed surface solution domains. On
top of the background region, more than one
overset region can be employed. These overset
sections may also be overlapping. This system
works to find donor cells for each acceptor cell.
The number of active cells in the donor zone
around the acceptor cell centroid determines the
number of donor cells, as shown in Figure 4. The
overset mesh better captures the large motions
of the planning hull at high Froude Numbers.
However, the rigid body motion system is
incompatible with substantial hull motions caused
by flow misalignment [13][14].

This research referred to International
Towing Tank Conference (ITTC) regulations to
ensure accuracy in numerical calculations
performed by the Star CCM+ code. The ITTC is
an organization that is responsible for predictions
about ship hydrodynamics based on the results
of physical and numerical experiments. The
recommendations used in calculating the ship
resistance were as follows: (1) grid on the ship
wall (y+); (2) time-step; (3) mesh-type; (4) the
size of the fluid domain; and (5) grid density [15].

]
N,

. ?'.NE,

F

Figure 4. Overset Mesh System [16]

This research relied on Courant-Friedrichs-
Lewy numbers (CFL) to determine the time step.
The CFL number represented the number of
points traversed by a fluid particle in a time
interval. The faster the ship, the smaller the time-
step that was used [16]. Therefore, this research
calculated the time-step, which referred to the
calculations recommended by ITTC as (4). In this
study, the time step used was 0.005.

At ITTC = 0.005 ~ 0.01L/U (4)

The sizes used in the overset mesh are
described in Table 2. The overset mesh Interface
is used to couple the overset regions with the
background region. As a background, the
vessel's stern is placed at the longitudinal
position of zero. The water depth has been set to
be 1.9L. However, the overset region is set to be
0.75H. Figure 5 shows the dimensions of the fluid
domain following the ITTC recommendations
[17]. The length of the ship L, the height of the
ship H, and the width of the ship B.

The highest concentration of mesh was
located on the hull and water surface. It aimed to
reduce the simulation time. CFD simulation was
carried out using a half-body ship. It also aimed
to reduce the simulation time.

Before presenting the results, the
computational approach was put to the test by
completing a numerical convergence analysis for
the overset grid system. Validation with a
benchmark Fridsma hull has been done. When
using the overset grid system as described in [8],
five different grid types were used to perform
CFD verification, which are 0.48 M, 0.89 M, 1.44
M, 2.33 M, and 2.99 M. The number of cells 2.3
M and 299 M show convergence results,
according to numerical simulation analyses.

Figure 5. Fluid domain

Table 2. Towing Tank Size

Parameter Background Overset
Length (m)  7.75L from FP 0.25L of FP
2.75L from AP 0.25 of AP
Height (m)  0.9L from top 0.75H of top
1.9L from bottom 0.75H of bottom
Width (m) 3L of symmetry 0.5B of symmetry
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Figure 6. Overset Mesh

However, the number of grid mesh 2.99 M
requires more time to complete simulations than
2.3 M. As a result, grid mesh 2.3 M was used for
the rest of the CFD simulations. There was good
agreement between the numerical estimate and
the experiment in this investigation, with
approximately 11.2 percent of the differences.
Figure 6 shows the overset mesh.

RESULTS AND DISCUSSION
Numerical analysis tests were carried out

at five-speed to predict the ship's drag
characteristics. This research will concentrate on
planning circumstances, as the primary goal of
this ship is to be employed at high speeds. The
two-phase flow consisting of air and water was
solved using the VOF method, which follows the
free surface boundary. The DFBI model provided
two degrees of freedom (DOF) for the hull. The
planning vessel was allowed to heave and trim.

Figure 7 presents the analysis of the total
resistance of the ship. The components of the
total ship resistance consisted of two, namely
residual resistance and frictional resistance.

Figure 7. Total Resistance

Figure 8. Friction Resistance

ERE

Figure 9. Residual Resistance

Figure 8 shows the result of the ship's
frictional resistance analysis. Figure 9 shows the
result of the analysis of residual resistance on the
ship. For displacement type, frictional resistance
is more dominant than residual resistance. It
happened because it was related to the ship's
WSA. Consequently, the frictional stress on the
hull generally will increase along with the ship.
There are two types of pressure to which the
vessel is subjected: hydrostatic  and
hydrodynamic pressure. The buoyancy force is
proportional to the ship's submerged volume
(displacement) and is determined by hydrostatic
pressure. The hydrodynamic pressure is
proportional to the square of the ship speed and
is determined by the flow around the hull. A form
resistance component exists because of the
interaction between the ship’s shape and
viscosity. The form resistance effect showed
three parameters: frictional, viscous, and flow
separation.

The analysis results carried out in Figure 7
showed an increasing trend in ship resistance.
The greater the ship's Froude Number, so the
more excellent the total ship resistance is. It
applied to residual and frictional resistance,
which were components of the total drag of the
ship.

Figure 7 at Fr < 0.67 was called the
displacement mode condition, the analysis
results showed that the bow entrance angle of
13° had the smallest total resistance value in
these conditions. However, compared with
another bow entrance angle at low Fr does not
show significant resistance differences. While at
Fr > 1 or planning mode conditions, the angle of
220 until 31° indicated a smaller total resistance
value. This condition shows a similar total
resistance on several Froude Numbers. The
difference is caused by the interaction of the
entrance angle with the spray, which only occurs
at high speeds.

The force and the resulting moment acting
on the body are obtained by the fluid pressure
(residual resistance) and shear forces (friction
resistance) acting on each face of the body's
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boundaries. The DFBI model represents the
motion of a rigid body in response to the fluid's
pressure and shear forces on the body. The
algorithm estimates the total force and moment
acting on the body due to all influences, then
solves the rigid body motion governing equations
to get the rigid body's new location relative to the
body's local coordinate system. Another reason
was that the planning hull-type ship had a high
speed, so the trim by stern that occurred affected
the total resistance value.

In the Savitsky approach, several factors
can affect the value of ship resistance, namely
ship speed, WSA (Wetted Surface Area), and
ship trim value [18][19]. Ship speed and WSA
had a value that was directly proportional to the
value of the ship's resistance, while the trim value
of the ship was inversely proportional to the total
resistance value of the ship.

At Fr <1, reducing the bow entrance angle
could reduce the total drag. Meanwhile, at Fr> 1,
increasing the ship's hull entrance angle could
reduce the total ship’s resistance due to the
planning condition.

Figure 10 shows the volume fraction of
water as the definition of water and air. The
properties of the meshing were shown in red and
blue. The value 0 was the air fraction, and the
value 1 was the water fraction. Figure 11 was the
result of the WSA analysis which showed the
area of the hull submerged in water.
Displacement and WSA values were directly
proportional to the total resistance of the ship.
Therefore, WSA was very influential on the
frictional resistance of the ship. The greater the
WSA, the greater the value of the frictional
resistance of the ship.

Volume Fraction of Water
ooanar r2ap0p pan0r eanor rEapor Lrose

Figure 10. Wetted Surface Area (WSA)

LI A

Figure 11. Volume Fraction of Water on Fr 1.35

Figure 12. Trim Angle

The ship's bow angle engineering could
improve the ship's trim condition at a certain
speed. At Fr 0.22, there was a decrease in the
trim angle of the ship along with the change in
the angle of the bow (hull entrance), while at Fr
0.67, there was an increase in the trim angle of
the ship along with the change in the angle of the
bow of the ship. There was a change in the trim
value of the ship due to the difference in the
centre of gravity of each ship model with a
different bow angle.

From the analysis carried out on the
planning hull, the trim condition can be improved
by engineering the hull entrance according to the
speed shown in Figure 12. At Fr 0.22, the
smallest trim angle was 31% The trim value can
be improved by increasing the bow entry angle.
While at Fr = 0.67, the smallest trim angle was at
an angle of 13° meaning that the trim value
could be improved by reducing the bow angle of
the ship. The angle of trim by stern tended to
decrease significantly at FR 1.03. Thus, the trim
by stern under porpoising oscillates largely, as
shown in Figure 12. To prevent the porpoising
phenomenon, it is effective to add appendages at
the stern to generate many bow-down moments,
as we know, interceptor and trim tab. The trim
condition of the ship had a significant effect on
the total resistance value of the ship. The more
increase the trim angle value of the ship or the
smaller the wet area or Wetted Surface Area
(WSA), the smaller the value of the total
resistance of the ship.

CONCLUSION

It was found that the change in the hull
entrance of the ship by 3° can significantly affect
the total ship resistance. Modifying the ship's bow
had a total drag effect of 5%. Significant results
occurred at Fr < 1, where the smaller the bow
angle of the ship, the smaller the value of the
ship's resistance. Meanwhile, for Fr > 1, the
greater the bow angle of the ship, the smaller the
ship's resistance. It happened because the
factors that significantly affected the value of the
ship's resistance were speed, WSA, and ship trim
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angle. Following the approach taken by Savitsky,
the value of speed and WSA was directly
proportional to the value of the total resistance of
the ship. The value of the trim angle of the ship
was inversely proportional to the value of the total
resistance of the ship. These changes improved
the trim condition of the ship according to the
speed of the ship.
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