Journal of Marine Technology and Environment Year 2015, Vol.1

INIVERSITALEA
MARlTlMA"ﬁ




| SSN 1844-6116



Journal of Marine technology and Environment  Y2@it5, Vol.1 =

ThisJournal has been founded in 2008 as a biannual publication of
Constanta Maritime University/ROMANIA

TOPICS
» Marine Science and Engineering
* Marine Environmental Issues
» Marine Renewable Energy and Sustainability
* Maritime Safety
e Marine Chemistry
» Marine Corrosion and Material Science
e Ship Design, Building Technologies
e Ocean Engineering
e Advanced Technologies for MET
e Advances in numerical methods for marine engingerin
» Algorithms for multidisciplinary problems in marimsgineering
»  Other related topics

Editor in Chief
Mariana PANAITESCU (Constanta Maritime UniversRMANIA)

Vice Editor in Chief
Feiza MEMET (Constanta Maritime University/ROMANIA

EDITORIAL BOARD

Prof. PhD. Angelica M.BAYLON Karitime Academy of Asia and the Pacific, Marivelataan, PHILIPPINES
Prof. VAdm Eduardo Ma R SANTOS/@aritime Academy of Asia and the Pacific, Marivekstaan, PHILIPPINES
Dr. Prof. Hu QINYOU (Shanghai Maritime Univeristghanghai, CHINA)

Mahmoud Reza HAGHDOUSTI (Iran Maritime Ttrainingr@er, Teheran, IRAN)

DSc., Professor Irina MAKASHINA (International Edation Center of Admiral Ushakov State Maritime Usnisity,
Novorossiysk, RUSSIA)

Prof. PhD. Igor SMIRNOV (Admiral Ushakov Maritimeaa®e University, Novorossiysk, RUSSIA)

Prof. PhD.Tomasz NEUMANN (Gdynia Maritime UnivessitFaculty of Navigation, Department of Navigation,
POLAND)

Prof. PhD. Axel LUTTEN BERGER (University of RijekRaculty of Maritime Studies Rijeka, CROATIA)
Professor of National Security Boyan Kirilov MEDNMROV(“Nikola Vaptsarov’ Naval Academy, Varna,
BULGARIA)

Prof. PhD Eng. Petko Stoyanov PETKOV (UniversitydPDr. Assen Zlatarov”, Burgas, BULGARIA)

Prof. Dr. Nil GULER (Istanbul Technical UniversitylURKEY)

Prof. PhD. Eng. Gheorghe-Constantin IONESCU (Umsigifrom Oradea, Faculty of Civil Engineering and
Architecture, Department of Civil Engineering, Oesad ROMANIA)

Prof. PhD. Eng. Cornel PANAIT (Constanta Maritimaitkrsity, ROMANIA)

Prof. PhD. Eng. Gheorghe BORDEA (Constanta Maritiméversity, ROMANIA)

Prof. PhD. Eng. Nicolae BUZBUCHI (Constanta Mariirdniversity, ROMANIA)

Prof. PhD. Eng. Dumitru DINU (Constanta Maritimeilrsity, ROMANIA)

Prof. PhD. Eng. Dan POPA (Constanta Maritime Ursitgr ROMANIA)

Prof. PhD. Eng. Remus ZAGAN (Constanta Maritime\uénsity, ROMANIA)

Prof. PhD. Eng. Razvan TAMAS (Constanta Maritimavénsity, ROMANIA)

Prof. PhD Eng. Gheorghe LAZAROIU (POLITEHNICA Unigity, ROMANIA

Ph. D. Ricardo Rodriguez - MARTOS DAUER (Departatrdan Ciencia i Enginyeria Nautiques/Universitat
Politecnica de Catalunya/SPAIN)

Rudenko Sergii (Odessa National Maritime Univer/slig/RAINA)

Editorial Secretary:

Assist. Alexandru-Andrei SCUPI, Ph.D. (Constantailifae University/ROMANIA)
Assist. lulia-Alina ANTON (Constanta Maritime Unirgity/ROMANIA)
Assist. PhD. Eng. lonut VOICU (Constanta Maritimeitersity/ROMANIA)



Computerized Technoredactation:
Anisoara TOMA (Constanta Maritime University/ROMAAI

Web Administrator
Gabriel RAICU

SCIENTIFIC BOARD

Assoc. Prof. PhD. Eugen BARSAN (Constanta Maritldméversity, Constanta, ROMANIA)

Assoc. Prof. PhD. Eng. Dumitru DELEANU (Constantarklme University, Constanta, ROMANIA)

Assoc. Prof. PhD. Eng. Liviu-Constantin STAN (Cama Maritime University, Constanta, ROMANIA)
Assoc. Prof. PhD. Marusya LUBCHEVA (Black Sea gt Burgas, BULGARIA)

Milen DIMITROV (Black Sea Institute Burgas, BULGAR)

Assist. Ph.D. Stoianka Georgieva Tania PETKOVA gksZlatarov University, Burgas, BULGARIA)

Dr. Docent Eng. Bohos APRAHAMIAN (Technical Univéysof Varna, BULGARIA)

Assoc. Prof. Of Navla science PhD. Kalin Spasov KDV (“Nikola Vaptsarov “Naval Academy,

Varna, BULGARIA)

Assoc. Prof. PhD. Nataliya Danailova NIKOLOVA (“Nila Vaptsarov “Naval Academy, Varna, BULGARIA)
Senior Lecturer Captain Mahmoud El-Sayed El- BAW/M&¥ab Academy for Science Technology and Maritime
Transport, Alexandria, EGIPT )

Assoc. Prof. Dr Momoko KITADA, PhD, MSc/Dip. (Worlaritime University , Malmd, SWEDEN)

Lecturer Capt Emre UCAN (Dokuz Eylul University, RCIA)

Luis G. EVIDENTE(John B. Lacson Colleges Foundation, PHILIPPINES

Assist prof. Walter K. NADONY (Marine Transportatand Environmental Management — State University of
New York Maritime College, Bronx, New York, UNITEBTATES of AMERICA)

Francesc Xavier MARTINEZ DE OSES (Departament den€ia i Enginyeria Nautiques/Universitat Politeenie
Catalunya/SPAIN)

Teresa J.LEO (Universidad Politecnica de MadridMBH

Valeriu LUNGU (Moldova Technical University, MOLDQA)

Magdalena Mitkova (University ‘Prof.d-r Asen Zladalf Burgas, BULGARIA)

Glovatska Svitlana (Odessa National Maritime Ursityr UKRAINA)

Lyubcho LYUBCHEV, Ph.D. (University ‘Prof.d-r Asefiatarov” Burgas, BULGARIA)

Prof. Irena Markovska, Ph.D. (University ‘Prof.dsen Zlatarov” Burgas, BULGARIA)

Tatiana KOVTUN (Odessa National Maritime UniversitkKRAINA)

Assoc. Prof. Mykola ADAMCHUK (Odessa National Marie University, UKRAINA)

S.L. lunusova ELMAZ (Odessa National Maritime Unisity, UKRAINA)

S.L. Stoyanka Petkova (University ‘Prof.d-r Asematarov” Burgas, BULGARIA)

Asist. Sabina NEDKOVA (University ‘Prof.d-r Asenahrov” Burgas, BULGARIA)

Vladimir KANEV (Expert WEB Application Software Siaf BULGARIA)

Vanyio GRANCIAROV (University ‘Prof.d-r Asen Zlatav” Burgas, BULGARIA)

Milen DIMITROV (Black Sea Institute Burgas, BULGAR)

Evghenyi RUDENKO (Odessa National Maritime UniverslUKRAINA)

Senior Lecturer Peter Ilvar SANDELL, Faculty of Teology and Maritime Management Rauma (Satakunt&eysity
of Applied Sciences, FINLAND)

JOURNAL ADDRESS
Journal of Marine Technology and Environment
Constanta Maritime University, 104, Mircea cel BatiStreet, 900663, Constanta, Romania
Tel: +40 241 664 740/ 107
Fax: +40 241 617 260
E-mail: jmte@imc.ro
http://cmu-edu.eu/jmte/

EDITURA NAUTICA
Constanta Maritime University
CONSTANTA MARITIME UNIVERSITY, 104, MIRCEA CEL BATRAN STREET, 900663,
CONSTANTA, ROMANIA



10.

11.

CONTENTS

STUDY OF A FREQUENCY CONVERTER POWERED BY SINGLE PHASE

VOLTAGE DESIGNED TO CONTROL THREE-PHASE INDUCTION MOTOR
APRAHAMIAN BOHOS

Technical University of Varna, Faculty of Electfi€ngineering, Varna, Bulgaria......................... 7

GIS TECHNOLOGY IN MARITIME: A MET INNOVATION AT MAA P

'BAYLON M. ANGELICA, %VAdm EDUARDO MA R. SANTOS

'MAAP DRESS Director, Maritime Academy of Asia at tPacific, Mariveles Bataan, Philippines,
MAAP President, Maritime Academy of Asia and theife, Mariveles Bataan, Philippines............ 13

THE SATELLITE NAVIGATION SYSTEMS — STATUS, PROBLEMS , FUTURE
DACHEV YURIY
“Nikola Vaptsarov” Naval Academy, Faculty of Navigm, Varna, Bulgaria..................ccoceevenn. 23

COMPARATIVE APPROXIMATE STUDIES ON THE SHIP'S ROLLI NG MOTION
DELEANU DUMITRU
Constanta Maritime University, Faculty of Naval &®-Mechanics, Romania...................c....e. 29

APPLICATION OF SOME NEW POWER QUALITY INDICES IN AN ALYSIS OF

THE SHIPBOARD ELECTRICAL SYSTEM EFFICIENCY

VANOVA GINKA, 2VALENTIN GYUROV, *RUMEN KIROV,

“BOHOS APRAHAMIAN

1234 echnical University of Varna, Faculty of Electdli@&ngineering, Varna, Bulgaria.................... 37

MODELLING THE HEAT TRANSFER PROCESS DURING THE COMB USTION

IN MARINE HIGH SPEED DIESEL ENGINES

'MAHRAN DAWWA, BOCANETE PAUL

12Constanta Maritime University, ROMANIA. .............cuueieeeiee e eeeee e e e e e 41

TWO ZONES THERMODYNAMIC MODEL FOR HIGH SPEED MARINE DIESEL
ENGINES

'MAHRAN DAWWA, BOCANETE PAUL

12Constanta Maritime University, ROMANIA. .............cuueueeeieee e eee e e et e e 45

VELOCITY OVER THE TARGET SURFACE AND PRESSURE FOR

A NUMERIC GEOMETRY OPTIMIZATION OF AN WED

'MARTINAS GEORGE ’ARSENIE ANDREEA *LAMBA MARINEL-DANUT

1.2.3onstanta Maritime University, Faculty of Naval &t®-Mechanics, Romania......................... 51

A POINT OF VIEW ON THE THEORY OF OPEN CYCLE GAS TUR BINES
MEMET FEIZA
Constanta Maritime University, Faculty of Naval &®-Mechanics, Romania......................c..... 57

DEVELOPMENT OF MATHEMATICAL MODEL FOR HUMAN RELIABI LITY
ASSESSMENT

NEDKOVA SABINA

Assen Zlatarov” University, Burga®rof. Yakimov Str. 8010 Bourgas, Bulgaria.......................... 61

MODEL OF PROCESS OF PORT INFRASTRUCTURE SAFETY MANA GEMENT
RUDENKO EVGENIY
Odessa National Maritime University, UKIraine........ccccoii i i e e e eaa 71



12.

13.

UTILIZATION OF RESOURCES ON TECHNO-NAUTICAL SERVICE S BY
DEVELOPING A DYNAMIC SIMULATION MODEL: AN APPLICATI  ON ON THE
PILOTAGE SERVICE IN ISTANBUL STRAIT

'UCAN EMRE,*SELCUK NAS 77
12Dokuz Eylul University Maritime Faculty, 1Zmir, TKIBY.............ccuviuve it e

THE MATHEMATICAL DESCRIPTION OF THE PROCESS OF OIL SPREADING

ON THE WATER SURFACE

V/OICU IONUT, 2DUMITRESCU LAURENTIU-GEORGE

Constanta Maritime University, Faculty of Naval &te-Mechanics, Romani&S.C. SSG Fire &
Rescue S.R.L., Popesti Leordeni, 1Ifov, ,ROMANIA. .. cemumeveeeniie i i e e e ee e aeees 83



ISSN 1844-6116 http //WWW cmu- edUJenIb

Journal of Marine Technology and Environment Y265, Vol.1 =

STUDY OF A FREQUENCY CONVERTER POWERED BY SINGLE PHASE VOLTAGE
DESIGNED TO CONTROL THREE-PHASE INDUCTION MOTOR

Aprahamian Bohos

Technical University of Varna, Faculty of Electidié&ngineering, 1 Studentska Street, 9010, Varnig®ia,
e-mail address: bohos@abv.bg

Abstract. The paper presents the design and the experim&ntdy of a prototype of frequency converter powdrgd
single phase voltage designed to control threegohahuction motor for the needs of the Laboratdrglectric drives
of the Technical University - Varna. A number o$ka related to the design of the basic elementsefrequency
converter as a bridge rectifier, bridge inverted aniver board are determinate and solved. A spec@yramming of
the converter is realized concerning different afieg regimes of the three-phase induction motor.adidition,
numerous experiments are conducted with the rederpeototype.

Key words: frequency converter, induction motor, invertercracontroller, PWM.

1. INTRODUCTION Today constant U/f (volt per hertz) drives are tuil
using PWM IGBT-based inverters and the speed range
Variable-frequency AC drives are now available includes very low speeds although operation vegr i@
from fractional kilowatts to very large sizes, etg.15 zero speed (less than 1 Hz). Ideally, by keeping a
000 kW and transistor based pulse-width modulated constant the U/f ratio for all frequencies the noahi
(PWM) voltage source converters driving induction torque-speed curve of the induction motor can be
motors are almost exclusively used [1]. These nschoe reproduced at any frequency. If the U/f ratio epk
currently widely used in ship electric drives. Higul constant the stator flux, stator current, and tergill be
illustrates the basic power circuit topology of thetage constant at any frequency. This means that to cobtite
source inverter. torque it needs to simply apply the correct amadnd/f
(V/Hz) to stator windings [1].

x & } % ]f *4 il ] a
AC | ’ - *—I .

supply i . br‘;{”‘k\; f_ i
%% TR |

Diode Rectifier Link Filter Pulse-Width Modulated Inverter  Induction Motor

.{H
B
Ay |

Figure 1 Basic circuit topology of pulse-width mdated inverter drive [1]

2. STEPS OF THE CONVERTER DESIGN The performance and the reliability of the designed
AND BUILDING device is significantly increased if it is used fantrol
of the inverter a microcontroller, which combineanm
The task is to design and realize a modern energyfunctions in one. Thanks to the advanced capadslitif
efficient system of frequency control of three-ghas the microcontroller greater accuracy and speedhef t
induction motors. regulatory process is achieved, which has a beakfic
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effect on the mechanisms driven by the motor. Atalig and voltage pikes caused by switching processes and
implementation of the system is selected, basedaon connecting the inverter to inductive loads.
specialized microcontroller and integrated voltage The inverter module FNB41560 of the company
inverter as each of them is characterized by iesifio Fairchild meets those requirements. The inverting
function setting the operation of the device[5], Bince module consists of a three-phase inverter bridgeuiti
the microcontroller is capable to operate in composed of six ultrafast N-channel IGBT transistor
communication regime via UART (Universal with reverse ultrafast diodes as well as two logitave
Asynchronous Receiver / Transmitter) [6] a serial schemes to control the upper HVIC and lower LVIC
protocol for data exchange is necessary for coromets transistors of the inverter bridge.
universal serial bus (USB), which facilitates the The used microcontroller MC3PHAC is monolithic
connection to PC. The main elements of the realizedspecialized microcontroller intended to control AC
frequency converter are: motors and featuring high performance. It is design

» Specialized microcontroller for frequency specifically for the needs of inexpensive and reddy
control of 3-phase induction motors by sinusoidaIN? simple to implement systems for frequency contfd-o
- Freescale MC3PHAC [2], [4]; phase electric drives. The device is self-adaptne

» Specialized integrated inverter for frequency configurable, depending on the environment in which
control of the 3-phase induction motors by PWM - is located. It contains all active functions, laaad
Fairchild FNB41560 [3]. algorithms essential for ensuring the control drthe

There are highly intelligent modules, embedded frequency converting system of 3-phase inductionomo
discrete components constituting an inverter system in open loop without feedback.

designed to work with electric motors with ratedveo The MC3PHAC microcontroller unit (MCU) can
ranging from a few tens of watts to tens of kiloiwwat operate in two regimes:
One such module is the typical monolithic integtate e Independent regime - in it MC3PHAC is

inverter FNB41560 of Fairchild company. Thankshist  controlled by hardware configuration consisting of
newly developed module inverters with very small discrete components.

dimensions can be constructed, used in professional » Communication regime — when MC3PHAC is
applications such as air-conditioning and refritiera operated by software from an external device such a
equipment, the field of automation and other custom PC or another microcontroller via an interface derial
applications. The inverter unit combines low logses communication.

IGBT transistors with short circuit protection and Our scheme is realized by using the second regime -
optimized driver boards. The system reliabilityfusther Figure 3.
increased thanks to the built-in thermistor for The MCU is operating through the specialized

temperature control, additional function to conttbé software FreeMASTER. It is easy to use tool for
voltage of the power transistors and current ptaiec  diagnosis, monitoring and visualization of dataréal
input. Three independent terminals of of the power time. The program provides a fully independent
transistors emitters make possible the track otthreent monitoring of the performance variables in the afiag
of each phase of the motor. system. A multiple variables in function of the éman
The recommended schematic diagram of the be visualized shown in a window type "oscilloscope"
integrated inverter module is shown in Figure 2eTh to be displayed as a text. FreeMASTER also supports
main element in the scheme of the power inverter additional features such as buffer for data trassion
module is the specialized integrated circuit FNBBIL5 from the device to the host computer.
The main requirements to the inverter are
sufficiently high response — at least 20 kHz angspnce
of inverse ultrafast diodes to conduct the reverseents
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Figure 2 General schematic diagram of the inveniedule
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Figure 3 Steerable electric drive, based on mamboller MC3PHAC
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3. EXPERIMENTAL INVESTIGATION OF The scheme of the experimental set is presented in
THE DEVELOPED PROTOTYPE OF Figure 5. The results are set out as oscillograms.
FREQUENCY CONVERTER

Actually is realized a laboratory prototype of the
above-described converter and a number of expetimen
are conducted with it — Figure 4.

Figure 4 General view of the developed prototyp&erfuency converter

~3ph MOTOR TERMINALS

R71
S
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R72
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PHASE V_OUT
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NEUTRAL OUT

T
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e
=2 F

R?’a ™" - CENTER
TBLOCK-14

OR47 10W

GNO_BR

Figure 5 Schematic diagram of the experimental set

Originally are recorded the switching pulses at the The AC voltage supplied to the control system
output of the specialized microcontroller MC3PHAC needs to be with a rated value of 220 V £10%, 5@kt
generating the three-phase PWM voltage-Figure 6. in case of DC power supply the later needs to halae

The following results represent the three-phase of 0+330 V.
voltages (line and phase) applied to the threeghas Besides the phase and line voltages are also
induction motor set at different values of the paeters recorded the phase -currents obtained during the
of the inverter-Figures 7 and 8. operation of the frequency inverter with three-ghas

The special feature of the scheme is that it is squirrel cage induction motor in open circuit regirithe
possible to split the supply voltage of the circofitthe objective is to show the amplitude, frequency ahdsge
supply voltage of the motor. This can be done D@ shifts between voltages and currents-Figures 918nd
supply voltage from external independent source is
required.

10
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Figure 6 Oscillogram of the switching pulses in
phase W. Yellow signal — upper transistor; blue
signal — lower transistor. Set frequency of thepatit
voltage — 50 Hz, set PWM frequency — 10 kHz
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Figure 7 Oscillogram of the phase voltages in phas

and phase U. Yellow signal \J; blue signal - iJy. Set

frequency of the output voltage — 50 Hz, set PWM
frequency — 10 kHz
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Figure 8 Oscillogram of the voltage between phases
V and U - Uy. Set frequency of the output voltage —
50 Hz, set PWM frequency — 10 kHz

11

RIGOL STOF

Figure 9 Oscillogram of phase currents in phassy
phase U. Yellow signal v}, ; blue signal -\Jy. Set
frequency of the output voltage — 50 Hz, set PWM

frequency — 10 kHz

RIGOL
LT

STOP F B 1=5.0mU)
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Time 18.88ms D24

Figure 10 Oscillogram of the phase shift betwédwen t
phase current v} and voltage Wy of phase W at open
circuit operation of the induction motor. Yellovgsal -

Iwn; blue signal - . Set frequency of the output
voltage — 50 Hz, set PWM frequency — 10 kHz.
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4. CONCLUSIONS e A system of dynamic braking is included and
during the process of stopping the energy accueallizt

In the Laboratory of electric drives of the Teclatic  the motor windings is dispersed in braking resistor
University-Varna is designed, constructed and The power supply voltage is divided from the
experimentally tested a prototype of frequency eoter control voltage as it allows the use of an indepand
based on microcontroller MC3PHAC designed to cdntro power source, such as autonomous DC or AC network.
three-phase induction motors.

The experimental studies of the prototype lead to 5. REFERENCES
the following conclusions:

e The frequency converter is without feedback [1] T. A. Lipo, K. Jeleznik AC.Motor Speed Control,
and allows smoothly change of the speed of the moto Electric Machinery Handbook, H. Toliyat and G.B.
above and below the nominal speed applying theKliman Ed. 2004.

condition U/f = const.; [2]. http://cache.freescale.comUsing the MC3PHAC
» The inverter allows a three-phase induction Motor Controller.
motor with a rated voltage of 3x220 V, with delta [3]. http://www.fairchildsemi.com - Smart Power

connected windings to be powered from single-phaseModule Motion Products in SPM45H Packages.
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GISTECHNOLOGY IN MARITIME: A MET INNOVATION AT MAAP

Dr. Angelica M. Baylon', VAdm Eduardo Ma R. Santos”

MAAP DRESS Director, Maritime Academy of Asia af tPacific, Mariveles Bataan, Philippines,
e-mail address: ambaylon_maapll@yahoo.com
2MAAP President, Maritime Academy of Asia and theife, Mariveles Bataan, Philippines,
e-mail address: info@maap.edu.ph

Abstract: This paper introduces MAAP, its curriculum andesagh and extension initiatives including but nistited
to one of MAAP latest best practices in introducf@tf to its community (internal and external) whHwi® similar
passion for MET innovation. The various GIS—bassmbmplishments led and shared by MAAP as partsoRisearch
and Extension Services (RES) initiatives are priesenamely: several GIS-based papers presentedudnidhed both
local and international; GIS-based project propofa campus management enhancement prepared féPyIBataan
Peninsula State University (BPSU), Lyceum Univegrsit the Philippines ( LPU) and Catanduanes Statevesity
(CSU); capability Training on GIS for MAAP commuypiand other interested institutions; and CommissiorHigher
Education (CHED) and Department of Science and fi@dgy (DOST)- endorsed National 3-day GIS Confeecare
also discussed. There are 78 proposed GIS-basearcbgproject workshop outputs currently being enggnted by 20
higher educational institutions (HEIS) in the Rtylines, 17 of which are applicable to any maritiatication and
training institutions (METIs). MAAP has six on—ggiiGIS- based special academic research and deveidgrojects
which this paper intends to share to co-AMFUF mersibe

Key words. GIS, managemenyt, location, software, industry ptescevent, methodology, implementation, service

1. ABOUT MAAP Founded in January 1998, MAAP is a non-stock,
non-profit academic institution established by the
The Maritime Academy of Asia and the Pacific Associated Marine Officers’ and Seamen’s Unionhaf t
(MAAP), is situated on a 103 hectare campus in the Philippines (AMOSUP), to ensure continues supply of
Bataan Peninsula competent marine deck and engine officers thruitgual
about 50 km. west- and full scholarship education (www.maap.edu.phy. A
southwest of the full scholars, MAAP students enjoy state of the art
Philippine capital facilities, free board and lodging and sure emplegtn
city, Manila, at from their sponsoring company that has collective
14°26'42.04"N  and bargaining agreement with the AMOSUP.
120°32'58.79"E.

Figure 1 MAPP@Google Earth, 12 August 2012 voo s FETE NN

Figure 2 Map courtesy of Google Earth MAAP Figure 3 MAPP geographic location (red square) and
Imagery on 19 April 2005 Philippine map using Mapwindows software

13



ISSN 1844-6116

Journal of Marine technology and Environment

http://www.cmu-edu jentée

] &

Y2815, Vol.1 ===

MAAP being at the forefront of innovative MET
through outcome-based program enhancement,
positively affected by the rapid rise in global derd for
maritime manpower.

3. MAAP RESEARCH AND EXTENSION

iISSERVICESINITIATIVES

As part of MAAP Research & Extension Program,

Since its establishment on January 14, 1998, withthe Department of Research & Extension Services

an initial intake of only 150 scholars in June 1986d
with currently 500 fresh men scholars admitted atipu
MAAP has continued to grow with 2,015 scholars this

(DRES), with more than one year coordination (2011-
2012) with GIS specialist Dr Alejandro Tongco from
Oklahoma State University, has accomplished a numbe

year. To date MAAP has produced a total of 1, 498 of training activities (whole month of March 2012)d
competent maritime graduates (646 BSMT, 7021 presented and published papers on GIS. DRES has bee

BSMarE and 131 Dual course who are all officers. Fo

fascinated with the wide application of GIS in any

the past 15 years, MAAP graduates have registened adiscipline which may be applicable in MET, research
average passing rate of more than 98 % in their PRCextension and campus management. It has been sarmis

licensure examination as operational level deck andthat the

engine officers.
2. MAAP MET CURRICULUM

The Commission on Higher Education (CHED) is

real power of GIS is in analyzing the
relationships of people, places, things, and evasiisg
several spatially referenced data layers represgrtie
earth.

The maritime or shipping industry is certainly
spatial in nature, since it possesses many of these

the government entity responsible in regulating and components: peopl@.g., mariners of all kinds, maritime

supervising higher educational institutions (HEIS),
offering formal education programs like Bachelor
degrees in Marine Transportation (BSMT) and Marine
Engineering (BSMARE). To date, there are 95 mastim
HEIs offering BSMT and BSMarE, 67 of which are
offering both courses, while 28 offer only eithareoof
the courses The BSMT and BSMarE curricula of MAAP
consist of 155 and 158 units of professional amegs
education courses, respectively; plus 40 units kwhsc
equivalent to one-year shipboard training during th
third year.

Similar to other Philippine maritime schools,
MAAP students’ curriculum consists of three -year
classroom and one-year on board ship. It also adadu
various post-graduate maritime courses and comignui
education training.

and shipping industry personnel, and MET students a
faculty); places(e.g., ship destination and departure
points, docks, ports, approaches, harbors, shigpimes,
mariner's and student’s addresses, and MET schools)
things (e.g. ships and watercraft, marine infrastructures
and installations, protected marine sanctuaries] an
artificial reefs); and_event¢e.g. transport routes and
networks, hazards and incidents including fire,
shipwrecks, groundings, oil and chemical spillsd an
piracy). It is opined, that the maritime industngluding
MET schools can leverage the power of GIS through
analysis and finding innovative ways, means and
solutions to the shipping industry’s multifacetedda
interlinked global challenges. The increasingly
widespread application of GIS in the maritime and
related industries necessitates the integrationGt$

The education core courses for BSMT and BSMarE techniques in METIs.

cover a diverse array of topics including: inforioat
and communication technology; ships and ship restin

meteorology and oceanography; world geography;

maritime pollution and prevention; and merchanfpshi
search and rescue.

These courses can potentially be enhanced with the

integration of GIS topics relevant for future deck
officers, faculty, and researchers. Starting 20MAAP
is the only school in the country authorized by CHt6
offer vertically articulated Master degree prograims
Marine Transportation (MSMT) and Marine Engineering
(MSMarE). GST topics can be integrated more in-dept
in its graduate curriculum.

MAAP addresses the global demand for highly
qualified maritime officers due to its various ivabive

value- added MET programs, and one of which is the

introduction of GIS as one of an innovative toal K0ET
programs enhancement.

14

3.1 Effects of GIS Integrated in METIs
GIS may be used to improve
methodologies and curriculum content.
Maritime graduates equipped with GIS skills shall
be honed with spatial analytical competence andtbe
eased with equipment and activities in the workpldat
uses GIS. It behooves MET schools to not limitlftse
producing maritime graduates to simply man vedsets

to give graduates the opportunity and encouragemaeent
be analytical thinkers and to train them to be reitu
researchers in the wide ocean of maritime research.

GIS may be used as an aid to teaching and as a
skill to be taught to students.

Instructors can integrate GIS techniques in field
laboratory exercises, e.g. to plan for, performd an
analyze results of fieldwork. At the same time, GIS
software skills can be taught to students to enhdhe
student’'s analytical thinking abilities. These wabul

teaching
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require instructors with required GIS skills thaayhe Equals Food plus Life” at Virac Catanduanes Island
developed through training and experience. A potentOctober 21-23, 2012.

method to build GIS knowledge capability in MET The third 10-page paper was entitled “GIS as an
schools is for instructors and students to engagels- Innovative Tool for MET Research, Extension and
based research and development activities. Campus Management Enhancement: MAAP Initiatives

GIS techniques may be integrated in the MET (2013), AM Baylon and EMR Santos” in support to the
curriculum. 10" Anniversary Celebration of TRANSNAV.

The enclosure of GIS topics can enrich the This was presented at the Gydnia Maritime
curricular content of several courses. Existingrses University on June 19-20, 2013 wherein the DRES
may include: information and communication Director serves as one of the members of the
technology (ICT); ships and ship routines; metemggl International  Programming  Council,  Scientific
and oceanography; world geography; maritime patuti  Programme Committee (Rewriters) since June 200&. Th
and prevention; and merchant ships search andaescu said paper is published in refereed book by GMU and
Ideally, GIS may be offered as a distinct course or Nautical Institute Book (ISBN 978 -1-138-00104-6),
subject within the BSMT degree program, e.g., Weintrit A; Neumann T (eds): STCW, MET, HR and
Geospatial Technology in Maritime. This would be an Crew Manning, Marine Navigation and Safety of Sea
in-depth treatment of the subject matter, takingp in Transportation: A Ballema Book on Marine Navigation
account the various GIS applications in the madtim and Safety of Sea Transportation on Transportation,
industry. A similar course or subject could also be CRC Press, Taylor & Francis Group Boca Raton,
offered in the graduate school within the Master of London-New York- Leiden 2013 pages 13-22.

Science in Marine Transportation (MSMT) or Shipping

Management (MSSM) program being offered by the 3.3 Various MAAP prepared GIS-based project
newly established MAAP Center for Advanced Maritime proposals

Studies (CAMS) accredited by the Commission on

Higher Education (CHED) in 2011. MAAP thru DRES has embarked on GIS-based

Some examples of GIS curriculum content are project proposals within MAAP and with other
those of the GST competency model developed by theinstitutions who share the same passion for innonat
GeoTech Center (2012). Further, in establishing As early as November 7, 2011, a 46-page GIS-
curriculum guidelines on GIS, the following URL®1n based project proposal entitled “University—wide
the internal pages of the company IPTC or Integrate Integration of geographic information systems (GIS)
Power Technology Corporation founded by Engr. enhancing campus management & academic capability

Andrew Gizara, would be good references: building of Bataan Peninsula State University (BPSU
1. Geographical Information System Development has been prepared which was also shared with Lyceum
(http://www.intpowertechcorp.com/gis.htm); International Maritime Academy (LIMA ) of the
2. Supervisory Control & Data Acquisition Developmdntceum of the Philippines University (LPU) (41-page
(http://www.intpowertechcorp.com/scada.htm); GIS-based proposal) & the Catanduanes State Uitivers
3. Velocity Performance Prediction Development (CSU) (39-page GIS-based proposal) for their rebpec
(http://www.intpowertechcorp.com/vpp.htm); institution-wide GIS implementation.
4. Unmanned Marine Vehicles Development A proposed institution-wide implementation of GIS
(http://www.intpowertechcorp.com/umv.htm) for a MET school may be illustrated in the diagram
below.
3.2 Various MAAP GIS papers presented and
published
| vide GIS Impl ion for MAAP |
. . L1
The first MAAP GIS paper and power point
presentation thru its DRES Director was entitled | ] | ‘ GIS Based Campus |
“Human Security and GIS: An Introduction” duringeth == : ==
CHED-endorsed 20 General Conference by the IS |y | e i e
International Federation of Social Science Orgditna - GISRescarch - GIS-based curriculum
(IFFSO) with theme “Social Science Perspectives on
Human Security”, hosted by Lyceum of the Philipgine | MASRSIES entes |

University in Batangas City on November 18-20, 201

The second 12-page paper was entitled “Introducing gigre 4 Institution-wide GIS Implementation Syste
GIS as Catalyst for Research, Extension Services an

Development of Catanduanes Island” in support ® th As illustrated in the diagram, the two major target
2012 National Conference on Water and Biodiversity 5.aqs for GIS engagements are: academic capacity

(BIOME3) with thematic Scope “Water plus Diversity piiging through GIS techniques and technologies, &
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enhancing campus management through GIS. Academioverall result is increased campus productivity and
capacity building includes faculty and staff deyetent economic efficiency.
in GIS, GIS curriculum and instruction, and GIS4xhs
research. GIS-based campus management includes GIS3.4 Capability GIS Training at MAAP and other
based campus physical facilities, assets, and rmesou institutions
management and GIS-based student admissions and
alumni management. Academic capacity building and MAAP has already embarked on integrating GIS in
campus management can mutually benefit and growthe campus in March 2012. MAAP believes that human
from each other through GIS. For example, facuttg a resources are the key to institutional enhancenmexe
staff can enhance their GIS skills through involesinin possible thru capability building. An initial intlaction
GIS-engaged campus facilities and asset manageasent of GIS for its faculty, staff, and students was aacted.
well as in GIS-based student admissions and alumniTwo separate four-day GIS hands-on workshops were
management studies. On the other hand, the campukeld, one group for faculty and staff (20-23 Magth2
management can benefit from the involvement oflfgcu  and 26-29 March 2012) at MAAP campus, For upper-
and staff. Involving both students and campus marsag class students, GIS hands-on workshops were cagaiuct
in campus wide projects can likewise mutually emric every Saturdays (March 12, 17 and 24, 2012). Studen
GlS-engaged curriculum and instruction and campusparticipants had presented their GIS-Based research
management. GIS-based research in the maritime is groject entitled “Piracy Attack Analysis and Monitoy
new wide-open field. GIS-skilled graduates are etga through GIS “by 1/Cl Sun, Patrick John Austine and
to be more prepared to face the new challenge,hghet “Integration of GIS to Automatic Integration System
the research is sea or land based. Within the campu (AIS)” by 1/Cl Espago, Marville Cullen. Dr Alejanal F
these activities could well be facilitated by a gicgl Tongco, GIS Specialist from Oklahoma State Univgysi
entity such as a GIS center or a Research and &iaten had served as technical adviser, facilitator aaohér on
Services center with GIS-skill technical staff, aot as GIS, organized and shared by MAAP at various venues
the central coordinating body and knowledge base, a Philippine Navy Education and Training Compound
well as to set the direction and sustainability GifS- (March 7-10, 2012), Bataan Provincial Hall (MarcB 1
engaged activities in MET schools. Furthermore, in 16, 2012), MAAP and BPSU community (March 12, 17,
order to institutionalize GIS, this may need to be 21-24, 2012) and other HEIs (March 26-29, 2012).
integrated in the MET’s strategic vision, missi@nd MAAP-DRES on the other hand thru power point
goals, specifically in departments and offices wh@tS presentation had trained the participants on howrtte
activities are to be conducted. a GlS-based research project proposal (includéss tit
summary of your project, background and signifiegnc
GIS is an information system that takes advantagebeneficiaries and implications, objective, data,
and produces valuable information about the uniqueprocedure, results and analysis, conclusion, futume).
geographic locations and inter-relationships among
people, places, things, and events in the camphs. T One of the training includes learning to Apply GIS
application of GIS to manage campus facilities and in Institutional and Marine Transportation Reseandth
assets is applicable to any school campus or tiach Alejandro F. Tongco, PhD, the Research Specialist —
well. Geographic Information Systems (GIS) as the trainer
Campus GIS involves the development and from the Oklahoma State University U.S.A
management of a central spatial database of dtlihgs (al.tongco@okstate.edu). The target 20 participaete
and assets within. The spatial database allows: fiast Administrators, Office Heads, Faculty Members, and
and easy query of the campus’ physical resourcesResearchers with minimal qualifications dseing
relative to each other. GIS provides for the vigaion, average computer-literate; and enthusiastic tonl&6S.
query, and reporting of specific information. The free downloadable software used were:
Additionally, a GIS data portal can provide dataess MapWindow GIS, Quantum GIS, OpenOffice, Google
for faculty, staff, researchers, and students mpas. Earth, ArcGIS Explorer Desktop, 7-Zip, and other
A central spatial database provides an enhancedsoftware as may be necessary. The workshop taught
communication and cooperation between departmentsparticipants with the basics of GIS and to how G¢8
offices, faculty, staff, students, and administratiAs a software. These skills included: fundamentals o85Gl
result, workflows become more efficient and researc Basic hands-on skills how to use a common GIS and
are efficiently allocated. Planning, monitoring, dan visualization software (install/ download, file
assessment of campus resources are better informethanagement and to process and display data); and ho
through GIS. Information is more accurate as alresu  to plan, implement, and report a GIS project. Wikt
GIS analysis. internet connection at the training venue, all ipgrants
GIS data can be visualized and thus minimizes brought their individual Laptop (newer version wil
guesswork on factors involved in campus procesgas.  least 2-gig memory; installed with Windows XP, \dist
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or 7), Maps and datasets from MAAP/AMOSUP, of Extension Program Implementers with SEC CN-
government agencies (e.g. CHED, TESDA, NAMRIA, 10059 (PAEPI President/MAAP Director/Dr. Angelica
MARINA, NOAA, POEA, etc.), and other sources Baylon); Association of Universities of Asia andeth
(including digital maps, GIS datasets if any, papaps, Pacific (AUCP Secretary General Dr Ruben Umaly);
and tabulated data) and Thumb/flash drive. Department of Science and Technology (DOST Regional
Each participants had accomplished all workshop Director Dr. Victor Mariano as GOH and Speaker);
exercises (Exercise 1: Creating a Simple Map; Egerc Maritime Academy of Asia and the Pacific (MAAP
2. Creating Complex Maps with Several Layers; President Vadm Eduardo Ma. R. Santos, AFP (Ret.));
Labeling and Using the Coloring Scheme; Exercise 3:National Research Council of the Philippines /
Digitizing Features (Creating Points, Lines, and Philippine Normal University (NRCP VP/Chair
Polygons) in MapWindow, Google Earth, and ArcGIS Division/PNU President Dr. Ester Ogena), Oklahoma
Explorer, including conversion between KML or KMZ State University, USA (represented by the OSU GIS
and GIS files; Exercise 4: Editing Attribute Tables Specialist Dr. Alejandro Tongco as trainer and vese
including using Open Office Calc (or Excel) to Plze speaker); Provincial DOST (Director Ms. Rosalinaan
Tables ;Exercise 5: Geoprocessing and Exercise 6:Asian Educational Research Association (AERA Chair
Projections, Geographic Referencing, and GPS);Dr. Gismo Agulan).

individual simple GIS project ,power point presdiota Other GIS partners not on photo are Philippine
of GIS project and packaged project digital output Navy (PN Education and Training Head (N8) Capt.
(includes project report, power point presentation, Anthony Sean Villa), Commission on Higher Education
datasets used and produced, and related files inall (CHED Regional Director Dr Virginia Akiate);
single folder). All packaged output (in single dadi Philippine Association of Research Managers (PhNAR

forlder) were submitted to the DRES Director. President Dr. Ricardo Castro) and Philippine Aszstia
of Institutional Researchers (PAIR President Drn&e
4. CHED AND DOST ENDORSED Japos).
NATIONAL 3- DAY GISCONFERENCE With target audience such as higher educational

institutions, local government units, academicians

Organized by MAAP’s empowered Department of researchers, and extensionists Cum PAEPI Annual
Research and Extension Services, the very first @HE General Assembly and Election of Officers 2012 on
and DOST -endorsed national 3-day PAEPI-PAIR- March 29-31, 2012, the following objectives havetbe
PhilARM-NAUCP-AERA National Conference on accomplished: introduced GIS and its wide uses in
Geographic Information Systems (GIS) with theme enhancing institutional capability in research and
“Enhancing Research, Extension Services andextension services, as well as to present samgdles o
Institutional Capacity of HEIS through GIS” was various proposed GIS projects for PN, LGUs, BPSU an
successfully hosted and accomplished by MAAP at its MAAP; presented a pilot project for a universitye\i
campus in Mariveles Bataan Philippines on Marct829- GIS integration at BPSU for possible implementation
2012. 2013-2015; produced proposed GIS project outlines
from participants for their respective institutiprrame
up with a joint resolution among partner organizasiin
endorsing a number of GIS projects for the suppbrt
government agencies; and provided a venue for
networking among professional organizations witke th
same thrusts of enhancing research, extensioncssrvi
and institutional capabilities of the member indivals
for the betterment of the institution or organieatithat
the participants served.

Likewise the PAEPI General Assembly and
Election of Officers with theme “Solidarity and
Transparency Towards a Consolidated PAEPI” had been
accomplished that assembled all members of the

The activity was conducted in cooperation with association for the presentation of accomplishmants
partner agencies as shown on National GIS Conferenc future plans and programs beneficial for its meraper
photo souvenir. Photo from left to right: Bataan reinforced and supported development partnership
Provincial Government (PMO Engineer Ric Yuzon); among extension stakeholders and members; and
CHED Zonal Research Regional Center/ Angeles consolidated the association towards a stronger and
University Foundation  (Director Dr. Roberto sustainable Philippine Association of ExtensiongPam
Pagulayan); Commission on Higher Education (ARMM Implementers (PAEPI with SEC 10059), led by its
CHED Dr. Carmencita Aquino); Philippine Association
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DRES Director of MAAP as PAEPI President and 14. Resource Mapping of Outreach Areas Using GIS;
MAAP President as PAEPI adviser. 15. Integrating  GIS in  Outreach  Program
This first GIS national activity was participated i Implementation;

by 20 Higher Education Institutions (HEIs) and has 16. Geo-Hazard Mapping & Risk Reduction
come up with a list of proposed GIS-based research  \anagement by GIS;

projects to be implemented in their respective 17 |mpact Evaluation of Outreach Projects Using GIS.
institutions. There are 78 GIS-based projects mego

by._20_ participating instit_utions nationwide (MAAP; MAAP is always on the search for innovative
Philippine Merchant Marine Academy; Holy Cross means to enhance its various MET programs. Out of

College of Davao; SPAMAST; Asian Institute of hese 17 GIS-based proposed projects applicable to
Maritime Studies; University of the Cordilleras; rfSa  \eTIs. the first 7 project titles are currently bgi

Beda College; New Era University; Baliuag Univeysit implemented at MAAP.

Bataan Peninsula State University; Philippine Ndrma

University; Philippine Navy; University of Luzon;RLJ 4.1 On-going MAAP GIS — Based Special
Outreach Center Central Philippines University; €8N Academic Research Projects

Luzon State University; University of Northern

Philippines; Cebu Normal University; Mindanao 1. GIS Visualization and Spatial Analysis of

Sanitarium Hospital; some local government units piaap Midshipmen, Faculty, Staff, and Alumni
participated by Balanga City and Bataan Provincigh w (Profiling of MAAP Midshipman, Faculty, Staff and
total of 115 seminar-workshop active participaiitsere Alumni Using GIS)

were 18 GIS-based research projects that have been Project Lead: VADM Eduardo MA R Santos, AFP
successfully presented: three GIS-based presemabip (Ret) and Dr A M Baylon '

the Philippine Navy (6-9 March 2012); four GIS-base Associate Project Lead: Capt. R F Raz MM
presentations from the Province of Bataan by local Assistants (2): Ms Janice W Vergara and MIS/CS
government units (13-16 March 2012); four GIS-based graduate [GIS proficiency desired]

presentations by Bataan Peninsula State UnivefaQly Duration: 1 vyear initial development and
23 March 2012); three GIS-based presentations by th continuously maintained thereafter

Maritime Acz?ldemy of Asia and the Pacific (12,17,24 Project Output GIS data visualization, trends, and
March 2012); and four GIS-based presentations bgrot patterns profiling cadets, faculty, staff, and afirof

MET/HEIs (20-26 March 2012). Some of the 17 GIS- pqaap. Also (Optional): Mapping of nationwide cadet

based proposed projects applicable to METIs are asyppjicants and passers based on residences and high

follows: schools graduated.

1. GIS-based Campus-wide Management of Physical  significance Past and present human resource
Facilities & Assets; distribution trends are viewed and analyzed. Data

2. GIS Applications in Ship Management: Database valuable for intelligent expansion planning, retment,
Query & Visualization of Ship’s Facilities & Assets  retention, policy making, and sustainability of dgnts

3. Development and Production of IMO Compliant and human resource at MAAP. This will be a “firét
Philippine Electronic Navigational Charts(ENCs) a MET school in the country.

Using Geospatial Technologies; Implementation Processes include

4. Development of a National Maritime Geospatial * Collection of digital basemaps, e.g.
System & Data Portal: A Research & Extension administrative boundaries down to barangay
Initiative; level;

5. Students, Faculty and Staff Profiling Using GIS; « Collection of national census and demographic

6. Enhancing Alumni Data Base Using GIS; data;

7. A Graduate Level Subject Offering “GIS with e Collection of MAAP human resource data of
Maritime Applications “ at the MAAP Center for cadets, faculty, staff, and alumni from Registrar
Advanced Maritime Studies; or Records Office or Human Resource Dept;

8. lIdentifying Vulnerability of Different Barangays to « Mapping and profiing cadets based on
Different Types of Risks Using GIS; information such as residence, course, and year;

9. Tracer Study of MET Graduates; e Also, profiling of faculty and staff including the

10. Research on the Employability of MET Graduates alumni.
in the Various Programs Offered:; Hardware/Software Requirements: Laptop; GIS

11. Community Baseline Data on Outreach Areas; Software (Gratis).

12. Monitoring of Outreach Projects Using GIS;

: : : ; 2. GIS-Based Campus-wide Management of
13. Enh Out h C ty Pl U ;
8 Glré.ancmg vireac ommunity Flanning t'sing MAAP Physical Facilities and Assets
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Project Lead: VADm Eduardo MA R Santos, AFP
(Ret) and Dr A M Baylon

Associate Project Lead: Capt R Raz MM

Assistants (2): Civil Engineer or Architect and

CS/MIS graduate [GIS and web mapping

proficiencies desired].

Duration: 2 vyears initial
continuously maintained thereafter.

Project Output A computerized GIS visualization

and database of campus infrastructure, physicaities,
and assets within, including engineering utilitiesmpus
natural resources, and landscape. It will allowrsige

development and

Assistants (2): MIS/CS and BSMT/MTE graduate
[GIS, hydrography, and maritime cartography
proficiencies desired].
Duration: 2 years initial
continuously maintained thereafter.
Project OutputENCs for the Philippines that meet
the minimum requirements of IHO S-57 and compatible
with the IMO-mandated Electronic Chart Display
Information Systems (ECDIS). ENCs shall include
information such as coastal topography, bathymetry,
landmarks, geographic place names, and marine
protected areas. Integration of emergent datasets as

development and

access and perform complex queries of information currents, tides, meteorology, and other oceanograph

about MAAP'’s varied resources.
Significance The President, MAAP Governing

variables shall be explored.
Significance Presently the production of ENCs in

Board, Stakeholders, Sponsors, and ACAT/EXECOM of the Philippines is planned or done by NAMRIA as the

MAAP are provided with a single, centralized data

sole government hydrographic body authorized by IHO

source to aid them in decision-making related to for each country. However, development and pradoct

planning, expansion, management, monitoring,
assessment of MAAP’s resources toward sustaingbilit
of its vision, mission, and goals. This will be‘fast”
among the country’s MET schools and HElIs.
Implementation Processes include
» Training of project team in specific GIS project
skills;

» Collection of GIS basemaps of the area, e.g.

administrative boundary, landcover, and natural
resources;
» Collection of campus infrastructure layout,

boundary, landscape, and topography drawings;

e Acquisition of high-resolution aerial and/or
satellite imagery;

» Analog-to-raster-to-vector data conversion and
geo-referencing;

» Designing the GIS database;

» GPS data collection, digital conversion, and
attribution of vector footprints of campus
infrastructure and natural resources;

» Asset inventory and classification;

» Creation of the various thematic map data
layers;

e System design and implementation of project
output for Intranet-ready accessibility;

e CD/DVD data packaging.

Hardware/Software  Requirements Desktop;
Laptop; Sub-meter GPS Receiver; Range Finder; &igit
Camera with Geo-tagging Capability; Large-format
Color Scanner (36-in wide); Digitizing Tablet; GIS
Software (Gratis); Measuring Tape (2), 5 and 10€nse
length.

3. Development and Production of Electronic
Navigational Charts (ENCs) at MAAP Using Geospatial
Technologies

Project Lead: Capt Alfonso MM
Associate Project Lead: Capt R Raz MM and
Dr. A M Baylon

19

andcan be hastened if a third party such as MAAP $g al

given authorization to do so by IHO. ENCs that depi
Philippine waters are mainly manufactured and
purchased abroad. Having this capability, MAAP \oi{
able to quickly develop and produce its own digéatl
paper navigation maps to serve the teaching aimrga
needs of its cadets and seafarers on continuing
education.

GIS technologies will be used to produce data
layers to update and upgrade existing navigatiopsma
for the Philippine archipelago. This will be a $it in
the country’s MET schools.

Implementation Processes include:

e Training of project team in specific GIS project
skills;

e Collection of basemaps, both paper and digital;

e Collection of paper and digital (if available)
such as navigation charts, bathymetric maps,
country administrative maps, and coastal maps

* Analog-to-raster-to-vector ~ conversion as
necessary;

* Geo-referencing;

« Re-projection to a uniform spatial referencing
system;

e Upgrading and integration of necessary features
and oceanographic variables such as currents
and tides;

« Production of desired thematic data layers;

e Conversion to IHO S-57 format or most recent
version;

» Establishment of the
Mapping Center”;

Hardware/Software Requirements Dual-monitor
Desktops; Large-format Color Scanner (36-in wide);
Large-format Color Printer (36-in wide); Digitizing
Tablet (8.5 x 11-in); ENC Production Software (Hixig
free software, such as that of NOAA's, will be iztld as
applicable.)

“MAAP Navigation
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Possible Collaboration: NAMRIA

4. Development of an Archipelago-wide Maritime

content shall focus on the fundamental principle&is
and its increasingly wide applications in maritime
transportation, ports management, and marine and

Geospatial Information System and Data Portal: A coastal environment.

Research and Extension Initiative of MAAP
Project Lead: Capt P Alfonso and Dr. A. M. Baylon
Associate Project Lead: Capt. R F Raz MM
Assistants (2): MIS/CS/MT graduates
hydrography, maritime cartography,
mapping proficiencies desired]
Duration: 2 vyears initial development
continuously maintained thereafter
Project Output A comprehensive web-based
maritime geospatial information system and datagbor
for the maritime and shipping industry as well as f
other ships plying or entering Philippine waters.
Significance Presently, no national maritime
information system exists in the country. This vk
first of its kind, and to be spearheaded by MAAPHIR
It shall develop and produce GIS data layers and
system for easy data access by users in the igdustr
Implementation Processes include:
Training of project team in specific GIS project
skills;
Collection of paper and digital (if available)
such as navigation charts, bathymetric maps
country administrative maps, incidence maps,
and coastal maps;
Analog-to-raster-to-vector
necessary;
Geo-referencing;
Re-projection to a uniform spatial referencing
system;

[GIS,
and web

and

conversion as

layers;

System design, data distribution,

mapping;

Establishment of the “National

Geospatial Information Center”.
Hardware/Software  Requirements Desktop;
Laptop; GIS and web map server software.

Collaborations Desired: Philippine Navy, Coast

Guard, MARINA, and/or NAMRIA.

and web

Maritime

5. A Graduate-Level Subject Offering: GIS with
Maritime Applications at the Center for Advanced
Maritime Studies

Project Lead: VAdm Eduardo MA R Santos, AFP

(Ret) and Dr. A. M. Baylon.

Associate Project Lead: DRES Staff Ms Janice
Vergara, Visiting MAAP Lecturers/Faculty

Duration: 1.5 years

Project Output Syllabus and detailed lesson plan
for a graduate-level and continuing-education sttbje
offering in “GIS with Maritime Applications”. Subgt

20

Upgrading and integration of necessary features
and oceanographic variables such as currents
and tides; Production of desired thematic data

Significance GIS is now part of the emergent
technology skills needed in maritime information
technologies. Knowledge of GIS is becoming highly
desired, for example, in marine transportationfitratnd
fleet management as well as in ports planning,
operations, and administration. This will be asfl in
the country.

Implementation Processes includehe theory and
principles behind GIS shall be discussed and
applications in the maritime shall be given more
emphasis. Since GIS technology applications in the
maritime is a fairly new field, the subject offegishall
be continuously developed and open always to new
developments and inputs especially from visiting
lecturers who have experienced actual exposurdeo t
atechnology. State-of-the-art applications of the
technology shall also be examined closely, sucthase
in the Netherlands and Singapore.

Hardware/Software Requirements:
Student-supplied.

6. GIS Application in Ship Management: Database
Query and Visualization of the Ship’s Facilitiesdan
Assets

Project Lead: Capt Raz and Dr. A. M. Baylon

Associate Project Lead: Visiting MAAP Lecturers
and Faculty [Desired]

Assistants (2): MIS/CS/MT graduates [GIS and
web mapping proficiencies desired]

Duration: 2 years

Project Output A computerized GIS-based
database and query system of the physical andabpati
aspects of a ship. Data shall include ship’s flepeaces,
facilities, assets, and manning assignments, inuojud
passenger and/or cargo hull capacities.

Significance Ship captains, master mariners, and
ship managers will be able to visualize the varitbusrs
of a ship; facilities, equipment, and assets timerei
manning assignments; cargo hulls and allocationd; a
their conditions, through a single, centralizedrsewon a
computer system. Having access to this data quickly
allows effective and efficient management and
monitoring of the ship’s facilities and assets.
Implementation Processes include:

Gathering of the ship’s blueprints;

Analog-to-digital conversion;

Referencing and vectorization;

GIS database design and attribution;

GIS database query and display system;
Hardware/Software Requirements:
Desktop computer; large-format scanner.
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5. CONCLUDING REMARKS Navy and Acting Vice Chief of Staff, AFP. He hagiwi
him a string of awards and decorations as a prdof o

Most of the sharing on scientific and technological being a military man of substance.
studies and researches that includes GIS as aaseftw He also received a number of recognitions in
technology are mostly found in seaborne trade amtn research and MET leadership because of the
in an educational setting for campus, researchNiBd accomplishments of MAAP under his admirable
enhancement. leadership.

This makes the paper unique and original. It may He continues to innovate a lot of MET new
be first time in MET that downloadable free GIS academic projects being implemented by MAAP which
software may be used in an educational settings ®hi is recognized by government agencies in the Pliilgsp
feasible because GIS can be used in whatever licip He is the pioneer President of the Maritime Acadexrhy
as long as four (4) components exist: People, placeAsia and the Pacific (MAAP) and the Executive Viee

(location), things and events. It only takes imatjon President of the Association of Marine Officers and
and creativity to utilize technology such as GIShwi Seamen’s Union of the Philippines (AMOSUP-PTGWO-
significant outputs. GIS as a tool can be appliecrny ITF).

discipline. GIS can be introduced initially as aofethe
topics within existing maritime-related courses avaoh
be used as a tool in field research work.

Then, it can grow into a distinct GIS course within
the undergraduate and graduate programs. With GIS
skilled faculty and staff researchers, GIS-basedtime
researches can be developed. PhD in Educational

A GIS-based campus management system cal Administration, MBA major in
grow hand in hand with that of GIS in teachingegesh Management, MS Chemistry and BS Chemistry, all
and extension services, constantly nourishing andearned with honors and scholarships/grants. Shealsas
building each other's knowledge base toward an trained on Research and SPSS Short Course at fCardif
institution-wide integration of GIS technologies. University, UK for the accomplished collaborative

research led by the Seafarers International Rdsearc
VAdm Eduardo Ma R. Centre (SIRC), which was funded by the European
Santos, AFP (Ret) — MAAP  Commission (2004-2006).

Prof Angelica M. Baylon, PhD-
MAAP Director for Research and
Extension Services.

She holds a Master in Shipping
Business Management (MSBM),

President. He is a man with She also completed the IMO model courses and the
class of his own, with strong free fall lifeboat familiarization and has a seafman
expertise and proven book. With more than 20 years teaching experiesice,

innovative leadership in the taught Math Chemistry and Physics in Far Eastern
areas of human resource University (FEU Manila), University of the Philipmes
development and (UP Manila), PMMA and MAAP.

management, organizational She earned the highest rank of Prof IV at PWU
development, public administration/governance, temji Graduate School in 1996 prior to her Directorship
intelligence and strategic leadership, built onvjmes position at Philippine Merchant Marine Academy
experiences, education and prestigious and semsitiv (PMMA in 1997-1998) and Executive Dean Position in
positions he held. VAdm Santos is a graduate of theMAAP in 1999. She is a commissioned reserved affice

Philippine Maritime Academy. of the Philippine Navy with the rank of Lieutenant
He finished his MS Computer Systems Commander (LCDR from May 5, 2005 to date).

Management at the US Naval Postgraduate School Shecurrently serves as President of the Philippine

Monterey, California, USA. Association of Extension Program Implementers

He is an alumnus of Ateneo De Manila, having (PAEPI), pioneer Director for Research and Extemsio
finished both his secondary education and graduatedServices at the Maritime Academy of Asia and the
with his Master of Business Administration. Witlgaed Pacific (MAAP), 2011 pioneer International Exchange
to his continuing military education, Vadm Sant@dh Professor at the Bataan Peninsula State University
his Naval Command Course at the US Naval War (BPSU) & 2012 pioneer Honorary Professor of the

College, Newport Rhode Isle, USA. Australian Asian Foundation.
Worth mentioning are some of his prominent and
top positions he held: Manager, Port of Manila, She is a member of the National Research Council

of the Philippines (NRCP) and other prestigiougagsh
Commander, 8 Coast Guard District, Chief of associations both local and international. She is
Staff, Philippine Fleet, Chief, Naval Intelligence, recipients of the 2011 ASIAN Research Leadership
Philippine Navy, Flag Officer in Command, Philippin

21



Journal of Marince

ISSN 1844-6116 http://www.cmu-edu jente

Award and other national prestigious awards onarete 6. REFERENCES
and extension services.

Professional details can be read at [1] http://ph.linkedin.com/pub/prof-angelica-baylon-phd
http://ph.linkedin.com/pub/prof-angelica-baylon-phd msbm-mba-ms-bschemistry/31/b03/140
msbm-mba-ms-bschemistry/31/b03/140 and [2] www.maap.edu.ph
www.maap.edu.ph.
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THE SATELLITE NAVIGATION SYSTEMS - STATUS, PROBLEMS , FUTURE

Yuriy Dachev

Nikola Vaptsarov Naval Academy, Faculty of Navigati 73 Vasil Drumev Street, 9026, Varna, Bulgaria,
e-mail address: urida@abv.bg

Abstract: The satellite navigation systems are very imporfanthe contemporary navigation, including and itirae
navigation. Currently, there are several satelidéigation systems, used actively for navigatioherg are several
systems, which are currently being constructedpiowvide the necessary coordinates and other nawigdates, they
use geodetic reference systems (GRS). GRS arensysteparameters, describing the Earth as a cong#exnetric
and physical figure. These parameters are defirsgédon the large amount of geodetic, astronongealjimetric,
Doppler, geomagnetic and others measurementsedetat the determination of the figure of the Eatth.world
practice, including and satellite navigation systeare used parameters of several GRS systemdS,dRussia, China,
India and others. Can be mentioned that during M&9 developed by the International Associatiotcebdesy and
Geophysics (IUGG) international GRS system, whihlieicommended for application in various geodetiividies.
This system is known as GRS 1980. There are soffezatices in the values of some of the correspandarameters
of the various GRS due to different Earth measurgndatabases, which are used for their determimafitvese
parameters are continuously specified during thiéopaing of every subsequent Earth measurementaalposted so
that GRS systems to be modified without changingheir abbreviationsThere is an irreversible trend regarding
getting near of values on corresponding paraméiefe different GRS to the internationally accepteoreover these
differences are negligible.

Key words: ellipsoids, geodesic reference systems, globakagidnal navigation satellite system

1. ACTUAL SATELLITE NAVIGATION transmission channel of the navigation data. At thmg
SYSTEMS of the day over 15° above the horizon can be obgeBv
satellites, over 10° - 10 satellites and more thfan 12

Nowadays for determining of position have been satellites.
used two global and one regional navigation satelli Generally NAVSTAR GPS (NAVigation Signal
systems, which have high accuracy by defining of Timing And Ranging Global Positioning System) was
position, velocity and time at any point on the tBar developed as a military project. In order to avoid
surface and in Earth space in real time. tragedies like the fallen from Russia South Korean

civilian airliner in 1983, US put into commissiohet
1.1 NAVSTAR GPS - Global satellite navigation system for civil use. In 1999 the US announcedaa pl
system of the United State for enhancement of system accuracy for civil puegos

The method of selective availability was cancelad i

The american idea for building a satellite navigati 2000 and the use of additional frequencies was qfart
system came in the end of 50s, after launchingrsef f  system innovation.
artificial Earth satellite "Sputnik 1" on 4 Octob&857
from USSR. Till realization of this idea passed @th20
years. The first test satellite was launched irmaitcon
14 July 1974 and on 22 February 1978 was laundied t
first operational satellite of the current system.

Between 1978 and 1980 the number of satellites
reaches 6 and the system is in operation from Gafgn
1980. The last of these 24 satellites, neededdompiete
Earth observation, is launched into orbit at the end of

year 1993. The system is passed into fully opanation Figure 1 Logo, orbits and satellites of Global

17 January 1994. [1] The maximum number o_f sagallit satellite navigation system NAVSTAR GPS [1], [2]
can be reached 32, which is the capacity of the
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NAVSTAR GPS consists of three segments: space,
control and user. Space segment consists of 24
operational satellites in six geocentric orbitabrs
containing four satellites with orbit inclinationo t
Equator at an angle of 55°. They cross the Equater
uniformly less than 60°. (Fig. 1) The orbital aitle of
satellites is 20,200 km. The satellites are arrdragethat
at any time and in any Earth point to receive igea of

at least four of these satellites. Each satelbimmletes a Figure 2 Orbits, satellites and receiver of Global
full orbit round for 11 hours and 58 minutes. The satellite navigation system GLONASS [10]
satelltes have a guaranteed 10 year period of

exploitation. 1.3 BeiDou - Regional satellite navigation system

The system has 7 additional satellites for complete of China

configuration in case of failure of one of these 24
operational satellites. [1], [2] The control seginen Implementation of BeiDou (BeiDou Navigation
consists of earth control center, located in Calora Satellite System) started in year 2000, when was
Springs and monitoring stations, situated in défér  launched into orbit the first satellite from thestgm.
earth areas that manage the whole system. The useThen China declared that began building an indegetnd
segment consists of GPS-receivers, which utilized f open and compatible satellite navigation systerhili
military and civilian purposes. be performed in three stages. BeiDou is the Chiterse

for the constellation "Big Bear". Abbreviated syste
1.2 GLONASS - Global satellite navigation system displays abbreviated BDS. In year 2007 the name has
of Russia been changed to COMPASS.

Development of Russian global satellite navigation
system starts in the 60s, and on 27 November 1367 w
launched the first navigation satellite "Cosmos-1i&fo
orbit. In 1979 was put into operation the navigatio
system of the first generation "Cicada". Testing
processes connected with getting in exploitation of
system GLONASS began in October 1982 with
launching into orbit of the satellite "Cosmos-14181
1995 finished the launching of all satellites ittie orbit. . . .

The system GLONASS (GLObalynaya Figure 3. First stage BeiDou-1 and
NAvigatsionnaya Sputnikovaya Sistema) consists of 2 BeiDou-2 coverage [3]
active satellites located in three orbits at ad#ul 9,100
km. Each orbit is inclined to the Equation in 64&fd
contains eight satellites. Each satellite makesula f

The first stage of the program - BeiDou-1, was
completed in 2003 by launching into orbit of three
orbital round for 11 hours and 15 minutes. [2]g(F2) geostationary satellites. .[5]' (F'g‘ 3) They ensure

navigation system of China region. This stage was

Insufficient project funding makes a system out of d ; @l Th q st £ th
usage for almost a decade. Full coverage of Earthr@dnhounced as experimental. € second slage of the

surface from GLONASS was restored again in year program - COMPASS (BeiDou-2), was c_ompleted_ in
2010. In order to avoid future similar scenarios, Y°& 2012 when was launched 14 satellites, provided

NAVSTAR GPS and GLONASS are currently using 31 great coverage in the Asia-Pacific region (Fig. Bpm
satellites, 24 of which are operational and 7 aali December 2012 the system was officially used inaAsi
CiviI, application of GLONASS system is less region. [5] The third stage, which will be comingta

; force in year 2020, ensure arising to orbiting lfites till
active than the NAVSTAR GPS, due to low supply and . .
demand of receivers on the market. From severaksyea 30. Thus the system COMPASS will provide global

; ; . __coverage. The negotiations lead between China and
gﬁoch?rgg?éessma?gifgcturze)rs E/Egrcogg\llgi?a;w“ﬁr Russia will ensure the compatibility of COMPASS Iwit
GLONASS is that the system can be used succeséfully GLONASS.
regions with latitudes greater than 75°, whereais la
much better coverage from NAVSTAR GPS. The
accuracy of GLONASS is as the same as NAVSTAR
GPS.
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2. SATELLITE NAVIGATION SYSTEMS
UNDER CONSTRUCTION

Currently one global and two regional satellite
navigation systems are under process of constructio
Some countries as Taivan,
construction of regional satellite navigation syste

2.1 GALILEO - Global satellite navigation system
of the European Union

GALILEO is the European project of global satellite
navigation system, designed as an alternative stesys
NAVSTAR GPS and GLONASS. It must ensure the

independence of the European Union of american and2.2

russian systems and to serve the EU needs indtibedi

The GALILEO system expects to provide greater
accuracy for all users compared to the currentligate
navigation systems, better coverage at north thditu
above 75° and guarantees system using even dimng t
global conflict and war. Very important for marigm

consider the possiblesearch and rescue operation (SAR) cooperative wbrk

systems GALILEO and COSPAS-SARSAT, which is
part of the Global Maritime Distress and SafetytSys
(GMDSS). Now the accuracy in determination of
position of emergency position indicating radio dma
(EPIRB), using COSPAS-SARSAT, is in range of about
5 km, which is insufficient. Creating of the GALICE
system will significantly improve this accuracy],[B}]

IRNSS - Regional satellite navigation system of
India

economy and security. The signed agreement between

the European Union and the United States ensure the

compatibility of GALILEO with the NAVSTAR GPS.

The GALILEO system will comprise 30 satellites,
placed in three orbits at altitude of 23,222 kmclicaf
the three orbits will have operational 9 and 1 &oddal
satellites. The orbits have inclination to the Bquand
to each other of 56°, which will allow very precise
determination of location at latitudes above 75aclE
satellite will make one orbit round for 14 hours.id
planned that till 2019 all satellites to be laurtistaged
into the orbit. [3], [4], (Fig. 4)

Figure 4 Logo, orbits and satellites of Globak#e
navigation system GALILEO

In 2006 the Government of India has approved a
project for building of regional satellite navigaii
system IRNSS (Indian Regional Navigational Satellit
System). According to this project, the space systall
include seven satellites. Three of them will betba
geostationary orbit and the other four - in
geosynchronous orbits at an altitude of about 24,00

kilometers. (Fig. 5)
¥

Figure 5 Satellite configuration and coverage of
Regional satellite navigation system IRNSS [6]

According to the project plan, India will launchan
orbit one satellite every 6 months. The system tl
fully configured in year 2016. The first satellftem the
system was launched in July 2013, the second -pirl A
2014 and the third - in October 2014. [6] IRNSS is

The project started during year 2003 as a joint designed to provide civic services.in India and tap
project of European Union and the European Spacel500 km beyond the borders. Signals intended for

Agency. Besides the EU countries in project talptage
also following countries: Israel, Morocco, Saudiabia,
South Korea, India, Switzerland, Ukraine. The
negotiations are held with the participation of
representatives of Argentina, Australia, Brazil,il€h
Malaysia and Mexico. [3], [4].

The first two satellites of the system were launiche

military purposes will be encrypted (Fig. 5).

2.3
Japan

QZSS - Regional satellite navigation system of

The project for establishing a regional satellite
navigation system QZSS (Quasi-Zenith Satellite Sy$t

in October 2011. They have names of children in theis approved by the Government of Japan in year 2002
European Union that won on national competitions in The system is designed to solve several important f

aeronautics - Taste (Belgium) and Natalia (Bulgaria Japan and Japan area tasks: improvement of
Other satellites will also have names of childreont characteristics and assessment to GPS signalsein th

other countries of the European Union. Till the eid  Japan territory and provide useful services andtfans
2014 are launched 6 satellites in orbit. from new generation, as warnings for earthquakes,
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weather forecasts, indoor-navigation and etc. Ipada
QZSS system is known as Jun-Ten-Cho.

Figure 6 Orbits, satellites and coverag®&egional
satellite navigation system QZSS [13]

According to the project the space system segmenty

will include three satellites that will be on thréégh
elliptical geosynchronous orbits, describing a claxp
trajectory over the region between Japan and Alistra
(Fig. 6) Every satellite can be observed at aneanflr0°
above the horizon during the whole day from the
territory of Japan and Korea. This will clarify otég
Japan problem - receiving of GPS signals in hugesci
is almost impossible due to high buildings. Thiatee
is giving the system name - Quasi-Zenith. The digna
which will be emitted from QZSS satellites, will hdly
compatible with the NAVSTAR GPS signals. [13]

The first satellite of the system is launched in
September 2010. It is intended to be deployed aady
for exploitation at the end of year 2017. It iswmesd
that after this year the number of satellites i $gstem
will be increased to seven.

2.4
Taiwan

TRNSS - Regional satellite navigation system of

They define three-dimensional coordinate systenas th
can single-valued identify all point objects on tearth
surface and in near-Earth space. The differences in
geodetic reference systems used by global andnalgio
satellite navigation systems are very small and lea
small distinction in the coordinate determinatierfsom

few hundredths to one or two tenths of arc sec[8jd.

3.1
1980

International Geodetic Reference System GRS

GRS 1980 is an internationally accepted geodetic
reference system with ellipsoid GRS 1980, which is
adopted as an Earth geometric model and model rof he
gravitational field. The system is developed by the
International Association of Geodesy and Geophysics
n the General Assembly of the association in 1879
Canberra, Australia, the system is recommended for
using in whole geodetic activities. The system GR80
was introduced by almost all countries in the wandl
is the base of satellite geodetic reference systéinis
planned GRS 1980 to be used in GALILEO.

The most important basic parameters of GRS 1980,
presented in a usable form in geodetic coordinate
transformations are: [7], [8], [14]

- Geometric constants
« semi-major axis (equatorial radius) a = 6 378 Q3.

e semi-minor axis b = 6 356 752.3141 m;

 polar radius of curvature ¢ = 6 399 593.6259 m;

« flattening f = 0.003 352 810 681 18;

« reciprocal flattening 1:f = 1:298.257 222 101;

« first excentricity squaredfe 0.006 694 380 022 90;
* mean radius of semi-axes R6 371 008.7714 m.

- Physical constants
« gravitational constant GM = 3 986 005 ¥ 1’ s%;

Currently The Bureau of national space programs e
of Taiwan (National Space Program Office, NSPO) e
make assessment regarding potentialities of a dutur «
regional satellite navigation system TRNSS (Taive&ne

Regional Navigational Satellite System). The pragra 3.2

includes research and determination of satellitesber
required for full coverage of Taiwan area. It has b

angular velocityw= 7 292 115 x 18" rad s";
dynamic form factor = 108 263 x 18;

normal gravity at equatgg = 9.780 326 7715 m’s
normal gravity at polg, = 9.832 186 3685 m’s

World Geodetic Reference System WGS 1984

WGS 1984 is a global geodetic reference system of

discussed several options for the space segment o8
7 satellite and their optimal configuration. [9]

USA, which used ellipsoid WGS 1984 adopted Earth
geometric model and the model of its gravitatidielt.
The most important basic parameters of WGS 1984 are

3. GEODETIC REFERENCE SYSTEMS
USED IN GLOBAL AND REGIONAL
SATELLITE NAVIGATION SYSTEMS .
Global coordinate system, together with the reléevan o
ellipsoid and geodetic data source for its earthe
orientation are the main components of every géodet «
reference system. When the orientation is in cotimec
with geocentric, geodetic reference system is dloba .
Such systems are satellite geodetic reference regste

26

(1] [2]

- Geometric constants
semi-major axis (equatorial radius) a = 6 378 A37;
semi-minor axis b = 6 356 752.3142 m;
reciprocal flattening 1:f = 1:298.257 223 563;
first excentricity squaredfe 0.006 694 379 990 14;
mean radius of semi-axes R6 371 008.7714 m.

- Physical constants
gravitational constant GM = 3 986 004.418 X i s
angular velocityw= 7 292 115 x 18" rad "
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« normal gravity at equatgg = 9.7803253359 m%s 3.4 China Terrestrial Reference Frame CTRF 2000
» normal gravity at polg, = 9.8321849378 m4s

When comparing the basic parameters of WGS CTRF 2000 (China Terrestrial Reference Frame
1984 and GRS 1980 can be found negligible diffegenc 2000) is thegeodetic reference system of China. Based
between some of them. on CTRF 2000 was created geocentric coordinatesyst

Basis on the global geodetic reference system WGSCGCS 2000 (China Geodetic Coordinate System 2000).
1984 has been created a global geocentric cooedinatlt serves the workability of the satellite navigati
system WGS 1984, which is used by the global $&tell systemCOMPASS (BeiDou-2).

navigation system NAVSTAR GPS. The most important basicparameters of earth
In the coordinate system WGS 1984 the prime €llipsoid CGCS 2000 are: [11].
meridian passes of 5,31" east from the Greenwich - Geometric constants

meridian. In maritime navigation GPS receivers are * semi-major axis (equatorial radius) a = 6 378 A3,
commonly used for determination of vessel positioa « reciprocal flattening 1:f = 1:298. 257 222 101,

coordinate system WGS 1984. Therefore all modern - Physical constants
navigational charts are in a coordinate system WGSe gravitational constant GM = 3 986 004.418 £ o s
1984 (Fig. 7). « angular velocityw= 7 292 115 x 1% rad §".

3.5 Japanese Geodetic Datum JGD 2000

JGD 2000 (Japanese Geodetic Datum 2000) is the
, @ geodetic reference system of Japan, created obatie

_ L parameters of the international geodetic refereyséeem

i GRS 1980. On the basis of GRS 1980 has been created

geocentric coordinate system JGS 2000 (Japanese

WGSB4 POSITIONS soSs Geodetic System 2000). [12] [13] It will serve Sl

navigation system QZSS.

Figure 7 Navigational chart in coordinate
system WGS 1984 4. CONCLUSIONS

33 System with the Earth parameters PZ 90 In the near future for navigation will be used in
total 4 global and 2 regional satellite navigatgystems.

PZ 90 (Parametry Zemlya 1990) is tleodetic ~ This will lead to a significant increase in the a@ry of
reference system of Russia, which used ellipsoice@z  the navigation dates, which they provide. This will
adopted for Earth geometric model and her gravitafi ~ happen and due to GRS, which they use. Geodetic
model field. Basis on the geodetic reference sysegm  reference system GRS 1980 is a aggregation of
90 was established a state geocentric coordinatersy ~ internationally accepted parameters, defining theps
PZ 90, which is an alternative to the global geaen Of the Earth and its dynamics. It was adopted for
coordinate system WGS 1984. The coordinate sys@m P Utilization by almost all countries. On its basiere
90 ensures working of global satellite navigatigatsm  created many national geodetic reference and quefeli

GLONASS|2]. systems, including and those that serve satellite
There are specified versions PZ 90.02 (2007) andnavigation systems. .
PZ 90.11 (2012) of geodetic reference system PZA80. The parameters of GRS 1980 are determined on the

the end of 2012, Russia introduced new national basis of a huge volume of measurements of the Bacth
geodetic reference system GRS-2011, which appears tthanks to the efforts of many scientists worldwiéter

be an alternative of system PZ 90. defined period of time these will be the main Earth
The most important basic parameters<GiS-2011 parameters. When it was considered that they have
are: [10]. become unusual and outdated, will be adopted nes.on
- Geometric constants This is coming from a fact that the Earth is ndtazen
- semi-major axis (equatorial radius) a = 6 378436, ~ Planet. The Earth is a dynamic system. Her speed of
« reciprocal flattening 1:f = 1:298.256 4151 rotation _and gravnatlona! field is changing slowthe
- Physical constants flats inside are rearranging and hence she ameads h

. gravitational constant GM = 3 986 004.415 £ a0 s2 form. In case that the competent internationaitirtsdns

« angular velocityw= 7 292 115 x 18" rad - consider that t_hese basic parameters are no longer
' relevant, they will recommend and adopt for usiegvn

ones. Countries will also change their nationaldgtic

reference systems.
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COMPARATIVE APPROXIMATE STUDIES ON THE SHIP'S ROLLI NG MOTION

Dumitru Deleanu

Constanta Maritime University, Faculty of Naval &®-Mechanics, 104 Mircea cel Batran Street, 9@0&®onstanta,
Romania, e-mail address: dumitrudeleanu@yahoo.com

Abstract: The new geometrical and analytical techniquesonfinear dynamics offer to the naval engineer ideals
for studying the ship dynamics and stability. Betwe¢hem, the bifurcation diagram, the Poincare rtiapphase plane,
and the time histories are considered in the papean attempt to demonstrate the low period sahstiof the
asymmetric roll equation derived by Kan and Taguditie model assume a linear damping, a restoringnend
represented by a third-order polynomial and a sifigdquency harmonic excitation. For moderate fay@amplitudes,
the system exhibits a period 1 motion, charactdrizg a period doubling bifurcation to a period 2timo that warns
about the beginning of a period doubling cascadehtms. Two different approaches, the Fast Foiliiensform and
the Harmonic Balance Technigue are used to obfgnoaimate solutions for the period 1 and 2 motiand to predict
the period doubling bifurcation by a stability aysé. The two sets of solutions match reasonabll} with the
numerical solution, especially for the first mengal approach.
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1. INTRODUCTION estimating various damping components such as wave,
lift friction and bilge keel. Experimental invesdion
A full dynamic’s analysis of a ship’s motion is an concerning damping has been carried out by Haddara
extremely difficult task involving the solution af ship Umeda and Hamamoto, and others [6, 7].
regarded as a rigid solid experiencing three typks On the other hand, the nonlinear restoring moment
displacement motions (heave, sway and surge) apd th can be approximated reasonably well by quadratit an
angular motions (yaw, pitch and roll). Accurate cubic polynomial of roll angle. Realistic restoring
calculation of ship-wave hydrodynamic interactions representations, like fifth or higher-order polyriam
leads to strongly non-linear models, whose analissis lead to tremendously problems when the analytivaler
almost very cumbersome and has a computational cosis followed [8, 9].
remarkably high. Clearly, it is of great interest to be able to adtuce
Between the six motions of the ship, the roll motio in the equation of roll motion as many as possifléhe
is the most critical one, because it can lead & ship parameters involved in a real sea, but analytichiti®ns
capsizing. If we assume small motions in all modés are impossible in all but the simplest cases. Sosedul
motion excepting roll and the existence of a cauath information can, however, be obtained by considgrin
system origin (i.e. the roll centre), then these particular cases, for example those in which damsn
assumptions lead to a single equation of motionhich assumed linear, the restoring moment is represdayted
roll is uncoupled from the other five degrees eefiom third-order polynomial and the regular waves are
[1, 2]. This equation is linear for small angles rofi described by a single frequency harmonic excitatian
motions. As the amplitude of oscillation increasssn- these simplified models, steady state responsebfeo
linear effects come into play. They are due tortheire amplitudes of external forcing can be approximated
of restoring moment, which depends on the shagheof analytically, by means of harmonic balance methad,
righting arm diagram, and of the damping. numerically, using fast Fourier transform. In owappr,
Various models of roll motion containing such non- we explore the low period solutions of the asymioetr
linear terms have been studied by many researchersoll equation studied by Kan and Taguchi, and penfa
Thus, Dalzell [3] and Cardo et all [4] introducedthe stability analysis for finding the flip to a subfhzonic
equation of motion a damping moment containingdine  motion of order two, that signals in fact the stafta
quadratic or linear-cubic terms in the angular roll period doubling cascade to chaos [10].
velocity. lkeda [5] proposed empirical methods for
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2. ROLL EQUATION

In the paper, the following equation, derived by
Kan and Taguchi, is further investigated with awi®
4

explain the roll instability:
=M @)
2

| d d’p

dt2
where ¢ is the roll anglet is the time, ¢, represents
the vanishing angle of stability, is the moment of
inertia for roll, ¢ the damping coefficientW the
displacement weightM =M, +M ;cosQt the exiting

moment, GM the metacentric height, and) the
encounter angular frequency.

Equation (1) could be transformed into the non-
dimensional form

+{d¢+W[GM Ijﬁ{ (

x+ Bx+x-x3=f o+ f,coswr 2)
by means of non-dimensional quantities:
X:i,a)oz WEM,T:th,ﬁ:i,
v Vo | wq 3)
— M 0 - M 1 — Q
[ y 1= ’ -
| w§ @y | wh py Wo

The dots denotes the order of differentiation with
respect to the non-dimensional tinte. Despite of its
relative simplicity, equation (2) shows a wide dp@n
of qualitatively distinct types of behaviours, iading
steady-state solutions, jumps to resonance or gberio
doubling cascades leading to chaos [11, 12, 13].

It is difficult, within the scope of this articléy give
a complete and detailed discussion of equations@}ye
restrict our attention here on the approximate tgwig
for the periodic orbits of period 1 and 2. This vk
done in the next sections by means of two different
approaches, namely tif@st Fourier transfornm(hereafter
denoted by FFT) and thermonic balance method

3. APPROXIMATE SOLUTIONS WITH
FAST FOURIER TRANSFORM

Equation (2) has been numerically integrated with
zero initial conditions by use of a Runge-KuttalGil
procedure implemented under MalLab environment for
the parameters valueg = 015 « =18, f ;.= 01, and
different forcing amplitudesf ;. As forcing amplitude is

gradually increased starting with 0, different typef
periodic motions are obtained. The bifurcation chag

for x and x restricted to period 1-orbit and period 2-
orbit, is presented in Figure 1.
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Figure 1 Bifurcation diagram

The phase plane plots, the time histories, and the
Fourier spectra for the cosine and sine componghés
f 10{ 05,2.1,24} are shown in Figures 2 to 4. The points

of the Poincare maps corresponding to one period of
harmonic excitation,T =2n/a , are also plotted in the
phase plane and are indicated by blue dots. The
integration time was taken a&00T , and the first 100
periods were discarded to avoid transients. Froeseh
figures, it is clear that for relatively small famg
amplitudes f; the system executes oscillations with

period 1.

dx/dt
°
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Figure 2 (a) the phase plane plots; (b) the tifatoties; (c)

c¢) the Fourier spectra for roll equation (2) wifh= 05
© : : (2) with Figure 3 (a) the phase plane plots; (b) the timtoties;

The motion is well approximated by a firseries of (c) the Fourier spectra for roll equation (2) with= 2.1

the form ) ]
Now, the motion could be approximated by
X(t) = A+ Ajcosa T + B sinaT + Aycos2a T + .
) 4 X(t) = Ag+ Aypcosa T/2+ By, siner/2+
+ B, sin2wr ] ) (5)
A, coswr + B, sinwr + A,cos2wr + B, sin2wr
As f, increases further and reaches 2.07, the

period 1-orbit bifurcates into a period 2-orbit amaild The c.oefficientsAi, B; for the cosine and sine
up of 1/2 sub-harmonics occurs. terms are given by FFT method.

f=21 f,=24
o. * *

dx/dt
°
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Figure 4 (a) the phase plane plots; (b) the timtolhes; Figure 5 Dependence of (a) amplitudes and (b)ghas
(c) the Fourier spectra for roll equation (2) with= 2.4 angles involved in solution (6) on forcing ampliéud ,
From Figures 2 to 4 it seems obvious that onlyt firs 4. APPROXIMATE SOLUTIONS WITH

two harmonics are important for period 1-orbit, keHor HARMONIC BALANCE METHOD

the period 2-orbit on must to retain the first #re

harmonics. The next harmonics are two or threerastle To justify the bifurcation from period 1-orbit to
magnitude smaller than the first harmonics. Thelltes  period 2-orbit a harmonic balance analysis has been
obtained by FFT method, which include the firstefiv carried out. Based on our previous experience
harmonics, are also presented in the phase plageara concerning the solution of (2), a function of tlerfi (5),
indicated by red asterisks. The agreement between t consistent with the Fourier components, was assumed
solution obtained by the FFT method and the nurakric Replacing solution (5) into equation (2juating
integration is excellent, in what when one is free terms and the coefficients ofosar,sinar,

superimposed over the other they are practically o524 7 sin2e7 on both sides the following non-linear

indistinguishable. . . .
Note that the solution (5) could be rewritten as algebraic equations for the amplitudas; a,, a, and the
phase angleg, and ¢ , are obtained:

X(t) =agtay, COS(C‘)T 12+ (01/2)+

6
+ alcos(wr+ (”1)"' azcos(za)r + ¢2) 6) ag (1—a§— 1.5af— 1.5a§): fot 0.75afazcos(2¢l— 402)
The dependence of amplitudes,, a,,, a,, and la1(1—a)2)— 0.75af—3a§a1—1.5a1a§Jcosgol—
a,and phase angleg,,, ¢,, and ¢, on the forcing
term f, is shown in Figure 5. It is interesting to observe —a,afsing,=f, (7)

that the huge difference between the orbits’ shdpes

f,=05 and f,=24 appears because of the term ) 3 - )
a,,codar/2+¢,,), which becomes dominant with ‘alwﬂcowl_lal(l‘w )‘ 0.75a1—3a0a1]sm¢1:0
respect to the other terms.
la2(1—4a)2)— 075a3-3a3a,— 1.5a2af]cosq02—

h s -2a,wpsing,= 15a a2 co2p,
- [ et | ,
B . i —[a2(1—4a)2)— 075a3-3a3a,- 1.5a12a2J5|n¢2—
e Wt
e 2
I sl | ] -2a, wphcosp,= 15a,a;5 sin2¢,
& K H
< #HE en, ) ]
< Ttea,, By eliminating phase angleg, and ¢, from
I I S, ] above equations a set of three non-linear equafions
L amplitudesay, a,, a, are obtained. They are as follows:
035 05 1 ;15 2 25 3 F:fo,A2+Bzsz,C2+D2:E2 (8)
(@)

The quantitiesA, B, C, D, E and F, which are
functions ofay, a,, a,, are given as follows:
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A= al(l—a)z)— 075a3-3a3 a,-15a,a3
B=-apfa,
C=a, (1—40)2)— 075a3-3a2a,-15a’a,
D=-2apfa, )

E=15a,a?

2. C

F=a, l-a2-15a?-15a2)- -2

2a

To solve the system (8) we have used the Newton-
Raphson procedure. The obtained results for diftere
values of forcing amplitudef ;, chosen between 0 and

2.07, are plotted in Figure 6.

4
s

e
o
4

e
e

Figure 6 Dependence of amplitudes on forcing
amplitude for the period 1- orbit

The values for the amplitudesg, a,, a, have been
considered then for finding the phase angigsand ¢,

from:
A B C D .
Cos@;=—— ,SiNg,=— , COSP,=— COS2¢;~—sin2¢,
i, fa E E

: C . D
S|n¢72:ES|n2¢1+E0032¢1

(10)

Like for numerical integration case, the gdhangles
remain  almost  constant, ¢,C 604rad and
¢,C 254rad Thus, we have had the data for plotting
the time histories and phase planes for periodbit-or
The results forf ;= 05 are shown in Figure 7, together
with the numerical solution.

We have noted in the previous section tleaiopg 1-
orbit has bifurcated into a period 2-orbit around
f,=207. To investigate this bifurcation we have
performed a study of the stability for the period
1-solution by considering a perturbed solution bé t
form

33

X(r) = x(r) + Ox(r) (11)

dx/dt

Figure 7 Time histories and phase plane for roll
equation (2) withf ;= 05

Replacing solution (11) into (2) and observing that
X satisfies the same equation, one obtains thevioip
variational equation

5x+ f 5x+[1-3x2)sx =0 (12)
Considering
dx=ay,codat/2+¢,,) (13)

using (5) forx, and equating the harmonic terms in both
sides of equation (12), the next homogeneous adgebr
system with unknownsa,, cos¢,, and ay;, sing,,

is obtained:

Myq [y COSPy o+t Myla ), S_in(”uz: 0 (14)
Myyld )y COSPy o+ MyslA g, SINEy »=0

where

m,;;=1- 025w?-3a3-15a?-15a5-3a, a, cos@;-

-15a,a,cos(@,~ @), m,,= 025w?-1+3a2+15a2+

+15a3-3a,a, cosp;—15a,a, cod@;— ¢,) (15)
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my,=m,=-05w B +3aya;sing;+15a;a, sin({pz— ¢1)

and ay,a,,a,, ¢, and ¢, are the solutions of (8) and
(10). The period 1-orbit becomes unstable and tsftes
into period 2-orbit when the determinant of the

homogeneous system (14) changes its sign fromimegat
to positive [14, 15].

In the analysed case, this change of sign appears f

f ;= 205, which is a good estimate of the bifurcation
value f ;= 207 (see Figure 8).

determinant

0,04 -

~~~~~
- -
R

Figure 8 The dependence of the system (14) detarri
on the forcing amplitude

Starting with this value for f,, the system

oscillates according to solution (6). Proceeding lin
the period 1-orbit's case, the following sevensgyaon-
linear equations iray, a /5, &1, @5, ¢ 172, ¢1, and ¢ , are
obtained:

aoll-a2-15a2,-15a2-15a2)- 075a2,a,0
[€0s(2¢1,- ¢1)- 075af a, cod2¢,-9,)= f 4
a1/, €089y, [L- 02507 - 075a2,-3a2-15a3-15a2)
-05a Baq,singq,=0
~ay,singy, (L- 0250 - 075a2,-3a2-15a3-15a2)
-05a Baq, cos¢q,=0
a,cosg, tl—a)2 - 075a2-3a2-15a3-15a f,z)—
- 075a}),a,c0d¢,~2¢,,)-15a5a 3, cos2,/,-
-a fBa;sing=f, (16)
-a,sing, (l—a)2 - 075a2-3a3-15a3-15a f,z)+
+075a2,a,sin(p,~2¢,,)+15a,a2,sin2¢,,,~

-a fa;cosg =0

34

a,Ccosg, (1—4a)2 - 075a5-3a5-15a?-15a f,z)—

- 075a2,a,codg,+2¢,,,)-15a,a2cos2¢,~
-2a fa,sing ,=0
-a,sing, (1—4 w® - 075a3-3a3-15a2-15a f,z)+
+075a2,a,sin(g,+2¢,,,)+15a,a2sin2¢,-
-2a fa,cosg ,=0

Solution of (16) was approximated with Newton-
Raphson method, having as initial conditions thieies
suggested by FFT, just fof ,1{ 21,2.4}. The obtained

solutions are reported in Table 1 and are useduation

(6) to draw the time histories and the phase planes
Figures 9 and 10. It could be seen that the agneeme
between the harmonic balance solution and the
numerical one is pretty good, with some notable
differences at peaks and troughs of the time hestor
plots.

dx/dt

(b)

Figure 9 Time histories and phase plane for roll
equation (2) withf ;= 2.1
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dx/dt

(b)

Figure 10 Time histories and phase plane for roll
equation (2) withf ;=24

Tabel 1. Amplitudes and phase angles for selected
forcing amplitudes

fq 0.5 2.1 2.4
a, 0.0572 0.1135 0.1529
a1, - 0.0887 0.3448
a, 0.0590 0.2395 0.2501
a, 0.0383 0.1650 0.1784
¢ 1 - 0.7261 0.3146
(rad)
¢ 6.0504 6.0459 6.0511
(rad)
¢, 2.5532 2.5522 2.5597
(rad)
5. CONCLUSIONS

In the paper, the rolling motion of a ship was
modelled by a second order differential equatioth whie
forcing amplitude as a parameter. The model induale

third-order polynomial and a single harmonic exata
term.

Harmonic balance technique with appropriate
harmonic terms in the assumed solution, suggesyed b
the Fourier spectra, permitted us to find approxéma
solutions for the period 1 and 2 orbits, which rhatt
resonably well with the numerical solutions giveyn b
Runge — Kutta — Gill method. The bifurcation betwee
the two types of periodic motions was estimated wit
fair degree of approximation by a stability anadysi
Because of the complictions involved in approximgti
the higher-order periods, the harmonic balance ogeth
becomes inappropriate to study the next period-iloyb
bifurcations leading to chaos.

On the other hand, the Fast Fourier Transform,
implemented under MatLab environment, has given
excellent results when compared with the numerical
ones, in what one solution is superimposed over the
other they are practically indistinguishable. Totait
this very good agreement, just the first five hanios
were retained in the approximate solution.

6. REFERENCES

[1] lbrahim, R.A., Grace, |.M.Modelling of ship roll
dynamics and its coupling with heave and pitch
Mathematical Problems in Engineering, Volume 2010,
Article ID 934714,32 pages, doi: 10.1155/2010/93471
[2] Falzarano, J.M., Shaw, S.W., Troesch, AW,
Application of global methods for analysing dynaathic
systems to ship rolling motion and capsizihg. Journal

of Bifurcation and Chaos, Vol. 2, no. 1, pp. 10B11
1992.

[3] Dalzell, J.F. A note on the form of ship roll damping,
Journal of Ship Research, Vol. 22, no. 3, pp. 188;1
1978.

[4] Cardo, A., Francescutto, A., Nabergoj, FOn
damping models in free and forced rolling motion,
Ocean Engineering, Vol. 9, no. 2, pp. 171-179, 1982

[5] Ikeda, Y.,Roll damping of shipsProceedings of the
Ship Motions, Wave Loads, and Propulsive Perforraanc
in a Seaway, 3l Marine Dynamics Symposium, pp. 241-
250, The Society of Naval Architecture of Japar84L9

[6] Haddara, M.R.,On the random decrement for
nonlinear roll motion, Proceedings of the 11
International  Offshore  Mechanics and  Arctic
Engineering, Symposium, Vol. 2, pp. 321-324, Canada
1992.

[7] Umeda, N., Hamamoto, MCapsize of ship models
in following/ quartering waves: physical experingent
and nonlinear dynamicsPhilosophical Transaction of
Royal Society London A., Vol. 358, pp. 1883-1904,
2000.

[8] Gu, J.Y.,Nonlinear rolling motion of ship in random

linear damping, a restoring moment represented by abeam seasJournal of Marine Science and Technology,

35

Vol. 12, no. 4, pp. 273-279, 2004.



ISSN 1844-6116

http://www.cmu-edu jentée

Journal of Marine technology and Environment Y25, Vol.1 =

[9] Taylan, M., Effect of forward speed on ship rolling
and stability Mathematical and Computational
Applications, Vol. 9, no. 2, pp. 133-145, 2004.

[10] Kan, M., Taguchi, H.,Capsizing of a ship in
guartering seasJournal of Society of Architects Japan,
Vol. 171, pp. 229-244, 1992.

[11] Deleanu, D.,On a geometric approach of safe
basin’s fractal erosion. Application to the symnuetr
capsize equation, Constanta Maritime University
Annals, Year XV, Vol. 22, pp. 123-128, 2015.

[12] Thompson, J.M.T., Thompson, R.C.T., Soliman,
M.S., Mechanics of ship capsize under direct and
parametric excitation Philosophical Transaction of the
Royal Society London A., Vol. 338, pp. 471-490, 299
[13] Soliman, M.S., Thompson, J.M.TTransient and
steady state analysis of capsize phenomedqplied
Ocean Research, Vol. 13, pp. 82-92, 1991.

36

[14] Narayanan, S., Jayaraman, Khaotic oscillations
of a square prism in fluid flowJournal of Sound and
Vibration, Vol. 166, no. 1, pp. 87-101, 1993.

[15] Sekar, P., Narayanan, FReriodic and chaotic
motions of a square prism in cross-flodournal of
Sound and Vibration, Vol. 170, no. 1, pp. 1-24,499
[16] Hui, L.H., Fong, P.Y.A Numerical study of ship’s
rolling motion Proceedings of the M6 IMT-GT
Conference on Mathematics, Statistics and
Applications, Kuala Lumpur, Malaysia, 2010.

[17] Szemplinska-Stupnicka, W., Bajkowski, The % -
sub-harmonic resonance and its transition to chaoti
motion in a non-linear oscillatgrinternational Journal
of Nonlinear Mechanics, Vol. 25, no. 5, pp. 401-419
1986.

[18] Ross, P.W.The handbook of software for engineers
and scientistsCRC Press, Inc., 1996.

its



ISSN 1844-6116 http://www.cmu-edu jente
ool of .'\lamihe\‘m olooy ’

e

Seseeo = —=

Journal of Marine Technology and Environment Ye@t%, Vol.1

APPLICATION OF SOME NEW POWER QUALITY INDICES IN AN ALYSIS OF THE
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Abstract: Improving the quality of electricity and electrogmetic compatibility is a topical issue in shipbdbatectrical
power systems as these concern two main technggacts. First is to improve the electromagnetic patibility,
which leads to improvement of the operating modebi® equipment and thus increase of the overhdlbidity of the
system.Second aspect is related to the quality of eldttrieading both to increase in overall reliabilapd refinement
of measures to reduce the power and energy lo$éeslatter is particularly relevant, since it igeditly related to
saving primary energy sources - liquid fuels, dnd in turn leads to reduction of greenhouse gassoms. This paper
focuses on the possibilities of using some newityuigdicators of electricity and electromagnetantpatibility, which
are not regulated by normative documents. Pracsicfilvare application has been developed in MathGXine 3.0
environment and its use is shown in experimentalies of cruise ship class 1A1.

Key words. energy efficiency, power quality, shipboard elaatipower systems

1. INTRODUCTION quick analysis of data bases recorded by statiopary
portable digital analyzers, using software appioain
Traditional approaches to quality assessment of MathCAD Prime 3.0 environment. Matrix calculation
electricity and electromagnetic compatibility, whiare has been adopted as main instrument. Measurentent fi
regulated by a number of standards IEC, EN, ancEIEE is assigned by an operator such as matrix of automa
groups, address the issue separately [4], [5]. Powe dimensionality - it depends on the quantities sebkdor
quality is wunderstood primarily as voltage mode recording (number of matrix columns) and duratidn o
regulating a number of parameters, for which the measurement (number of matrix rows - n).
relevant indicators are defined and specified Bnate

stipulated. The main ones include voltage deviatibh data:= filenamexisx n:=rowgqdatg (1)
voltage fluctuation®U, voltage unbalance defined by a

voltage unbalance factor, harmonic distortion doefit Then each electrical quantity is derived from the
identified as THDU. With electromagnetic compaitlil general matrix as a matrix column. For examplengisi

the shipboard energy systems use assessment by th@e output file of medium and high grade Fluke
which permissible limits are defined. There are som fg|iowing way:

studies [1], [2], [3] suggesting the use of newraggted
indicators to generally assess the quality. The
methodology suggested includes traditional assa#sme
methods in combination with practical and applied
methodologies for assessing unbalance and newtyuali

U, =data® U,,:=data® U, :=data® (2)

In an analogous manner currents, active and

indicators reactive power, full power, PF, THDU, THDI are
' defined. Variable j is introduced — row counter,igthis
2 METHODOLOGY minus 1, because the first row of the Fluke's i#eof

"character" format.

The methodology s ested is designed to provide
gy sugg ! 9 provi j=1ln-1 3)

37
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3. CALCULATION OF SOME NEW e[
INDICES IN PRESENCE OF UNBALANCE AND Dl,,, = M V8] 00 VDI, Pay V8]

HARMONIC DISTORTION

3.1. Calculation of equivalent voltage and current Usy;
VDI, = 72EL00
' Ue,

Ve _:Julzf VR S [FRL PR
r 3 - 3 (4) Calculation of DI of currents (IDI) is carried oint

a manner similar to (8).

3.2. Calculation of rms for fundamental harmonicg
of rms readings of voltages and THDU 3.6. Calculation of coefficient of total unbalan€® of

voltages and currents (VTU and ITU)

U — U12 U — UZ3
5 [(THDU,, Tl =07 [(THDU,, o VTU, ::%\/VDIHJ.Z+VDI2312+VDI31J.2
100 100 9)
(5) — 1 2 2 2
Uy ITU, .—ﬁ\/lDluj 1Dl 5,2 +IDl .
- [THDU31]
100 ) 3.7. Calculation of ITDDW (Total Demand Distortion

Weighted of Current) — total weighted factor of
harmonic distortion for each phase anfHDW -

Analogously the rms of the fundamental harmonics weightedTHD for each phase

of currents is also calculated. The equivalent

fl_mqlamental harmonics are calculated in a manner ITDD,, [S,,. ITHDW,,, (S,

similar to (4). ITDDW,,, = ———= ITHDW,,, == ————
SSPj S3PJ

3.3. Calculation of TDD of voltage (VTDD) — total in a similar manner for currents ,23” and ,31”  (10)

demand distortion to IEEE 555
3.8. Calculation of three-phase ITHDW (Total Harriton

Distortion Weighted of Current) — total weightedtfar
of harmonic distortion

2 2
12,

U,*-U
vTDD, = [

ITHD ZEI—I1212+
Wy B 3 (11)

e.
ITHDW, =1 :

2 2
23j

| I
+ITHDW,,, BI—+ITHDV\/31] 5%

In a similar manne@DD of currents — ITDD, is !

calculated.
3.9. Calculation of three-phase total weighted Uuahae

3.4. Calculation of generalized three-phase fastor factor ITUW (Total Unbalance Weighted of Current)
VTDD3P and ITDD3P

e U, IDIW,, ° gsi+
VTDD,, "5 \/;THDUU [«lué7 o Tuw, = % 3321 .. (12)
— +IDIW,,, BSfHDlelJ Bé
ITDD,;, —\/é\/z_l:THDI EI? j j
4. OBJECT OF THE STUDY

3.5. Calculation of DI — deviation index for voleag ] ] ]
(VDI) Suggested methodology is used in the study carried

out of a class 1A1 cruise ship Sovereign. The ship
belongs to the class of the largest passenger ships
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(Figure 1), characterized by the predominant enkygg The application of the methodology is presented for
of the hotel part, which includes a wide variety of one of the substations, powering technological
technological facilities (kitchen, cold rooms, eéws, consumers for ventilation and air conditioning bkt
etc.); lighting installations of common areas, #ieal hotel part - Substation # 3 440V. For a typicain®dir
equipment for utility facilities (restaurants, gass, SPA, load profile variations of active P [kW], reactiv@
etc.) as well as users in the cabins. [kVAr], full S [kVA], pulsating N [kVA] and

deformation D [kVA] powers are shown in Figure 2a
and Figure 2b.

The voltage variation is within +2 and +3.6%,
current load schedule is close to constant — Figarand
Figure 3b.

A

Figure 1 General layout of electrical power 4 M{\LML U,
B [P ) | j

equipment and substations of cruise ship

=

This implies different single-phase and three-phase e j
loads of various characteristics and operation mmode .
their turning-on being both by technological reginaad N Uy,
of random nature. Separate units of the energyesyst w
are studied using Fluke 434 series portable quptityer —
analyzer, the measurements are recorded in theaksa j
as averages for each 5 minute interval. The resulti Figure 3a Voltage variation for a 24-hour interval
databases are treated to the methods suggestealv Bel
the characteristic curves are presented of thetami of
energy consumption and the various indicators of 1
electric power quality and electromagnetic compittjb 2 \ A

Ship power system uses three standard voltage ‘
levels - 6.6; 0.44 and 0.22 kV 60Hz.

180- W 75 —
o Ne— ij %
0 B I

120- SIII'

QHI.
J

—_ Figure 3b Current variation for a 24-hour interval

Traditional indicators of quality assessment -
. . ! . - THDU [%] and THDI [%] are shown in Figure 4a and
Figure 2a Active and Nor!—Actlve Power variation fo Figure 4b. varying within the range from 3.2 to 4¥d
24-hour interval from 8 to 10.5% respectively. Levels are permissibl
o according to standards IEC60092-101, EN50160 and
B 1 . IEC 61000, but imply an increased level of lossassed
by the presence of high-order harmonics. Factors of
voltage total unbalance (VTU - voltage total unbak)
‘ PF and current total unbalance (ITU - current total
— unbalance), which essentially incorporate the irhjdc
high-order harmonics using the calculated equivalen
voltage and current (8.9) are shown in Figure 5d an

‘ 7 s Figure 5b.
S The values of VTU and ITU are percentages and
Figure 2b Power Factor variation for 24-hour ingr show negligible influence of unbalance and putgsti

power respectively (Figure 2a). This is expectechbee
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of the significantly predominant share of threegeha
power consumers, particularly for Substation # 3.

Dynamics of the new indicators - ITHDW and
ITUW in [%] is shown in Figure 5a and Figure 5bher

THDU,,
]

THDU,
1

THDU,

0

j
Figure. 4a Variation of THDU — 24-hour period

11
== M=~

THDI,,
]

THDI,,
1

THDI,,
]

0 60 ¢ 120 150 180 210 240

Figure 5b Variation of ITHDW and ITUW
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ITHDW curve shape coincides with the THDI curve for
the individual phases. Quantitative assessment is
different, because ITHDW is weighted to load by the
equivalent current (11), which in turn includes the
current loading in different phases. Using THDW s
appropriate, because unlike THD (which is calcdate
from the first harmonic) it indicates the real aner
influence of harmonics at various loads.

Weighted unbalance factor has insignificant values
and little difference compared to ITU due to lack o
significant unbalance.

6. RESULTS AND CONCLUSIONS

Using some new indicators to assess the quality of
electric power and electromagnetic compatibility in
shipboard power systems is possible and appropriate
since it better illustrates the energy influence of
unbalanced and non-linear consumers. The methogolog
developed in an MatCAD Prime 3.0. environment is
compatible with a number of digital analyzers asdai
convenient tool for analysis of the nature of eleity
consumption and electrical power quality in shiploa
energy systems. The indicators suggested give tarbet
visual assessment of the energy influence of the
harmonic composition. In this case, it amounts.®té
6% of the total current load and power respectivaly
levels of THDI reported within 8-10%. Practical
measures of compensation and filtration are teelinic
economic optimization problem, which is not thejeab
of this study.
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MODELLING THE HEAT TRANSFER PROCESS DURING THE COMBUSTION IN
MARINE HIGH SPEED DIESEL ENGINES

'DAWWA MAHRAN, 2PAUL BOCANETE

L2Constanta Maritime University, Romania

Abstract: The heat transfer in marine diesel engines isnapt&x phenomenon that occurs by two main components
the connective and radiative components under ngrgonditions such as temperature, pressure, angasition of in-
cylinder gases. Hence, modeling the heat trandien@menon during the combustion process in higedpearine
diesel engine imposes many difficulties in deteingnthe heat flux through the combustion chambeliswdany
researches have been carried out many studiesdersiand and to model this phenomenon. Since nmafétiis
phenomenon is an important step for modeling thelevhombustion process which takes place insidedmebustion
chamber, many models and correlations of these imd@we developed for modeling this it in satisfiedults and in a
relative short time. This work concentrates ontilie main methods for modeling the heat transfedigsel engines
which they are Hohenberg, Woschni and their catimza, with the use of MATLAB program for numerigabdeling.

Key words: diesel engines, heat transfer, heat transfer coeffi, combustion modeling.

1. INTRODUCTION 2. HEAT TRANSFER COMPONENTS

The peak temperature of the burned gases inside the  Heat transfer in Diesel engines as mentioned before
combustion chamber reaches high values over th@@ 24 consisted of two main components radiation, and
K; on the other side for many considerations the convection components. The convection component in
temperature of engine components that form thethe cylinder chamber is called forced convectiocalse
combustion chamber space should not exceed arcertaithe motion between the in cylinder gases and the
range. Hence, the engine should be equipped with acylinder surfaces is produced by a force not by the
cooling system, which will lead to a heat flux thgh gravity. Hence, the heat transferred during inaurti
the components of the combustion chamber. compression, expansion, and exhaust strokes is

Heat flux varies during the engine working cycles, transferred by the forced convection through tHander
it reaches high values during the combustion period walls and head to the coolant water, and through th
However essentially heat flux is so much lowerhie t piston to the lubricant, the main portion of forced
other engine working cycles. As well as the heak fl connective heat is from exhaust valve and exhaust
varies according to the variation of the tempematur manifold to the coolant water and surrounding @n
inside the combustion chamber, so the heat flingker the other hand the heat transfer in the inlet sydtem
at the locations where the higher burned gasesthe components of inlet system components to thegeh

temperature exists. (inducted air), the final type of heat convectienthe
Each of cylinder wall, cylinder head, piston, and heat transfer between the engine and environment.
valves that form the combustion chamber boundaries The second component of heat transfer is the

made of different materials, so the heat flux i$edént radiation component, In Diesel engines the radiatio
and it is not the same for all surfaces. Howevar fo component occurs from the high temperature of
simplicity the combustion chamber area is not combustion gases, and from the soot in the diffusio
subdivided and the heat transfer coefficient isstbered flame, through electromagnetic waves, these waves a
the same for piston, valves, cylinder head and kmeas. the infrared waves with length range betweedm to

Also for simplicity the wall temperature is congidé a 40um ), and the visible waves with length range
constant value.
between 04umto 0.74m ) [10]. The method of heat
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transfer through radiation depends on a black bodyto describe the temperature, the Reynolds number

concept, which has the ability to emit and absdrb t
radiation of all wavelengths equally through itsface
and does not reflect the radiation.

In the combustion chamber the proportion of

exchanged heat by radiation depends so much on the

soot that formed inside the combustion chambemduri
the combustion process. Soot is considered thesmtig
body in the combustion chamber that emits radiation
whereas the characteristics of soot radiation dooie
only depend on the soot temperature and mass &ait al
on the connective heat transfer. The gas radiatiay be
neglected because of the selective radiation natuttee
gases, i.e. the gases on the contrary of the boliles
only radiate and emit in narrow wavelength. Carbon
dioxide, water vapour,
considered to be the essential participating gases
radiation component. On the other hand the gast#s wi
simpler molecules such as oxygen, nitrogen,
hydrogen are considered transparent gases toicadiat
In addition to the two main component of heat
transfer there is a third component of heat transféhe

thermal conduction component, Heat transferred by

and carbon monoxide are

and

(Re:M) for describing the flow boundary layer,
n

and Prandtl number =" 4) for describing the
P
interaction between the two boundary layers [10].
The heat transfer coefficient can be calculated by
the following relation:

Nu=C[IRé‘[IPr‘“_ 2
In order to simulate the combustion process, the
instantaneous heat transfer should be determined an

calculated by the use of the next equation which
describes the heat transfer:

dQ, _dQ, , dQ, @
dt dt dt
Where: 2 is the radiation component and
dQ,

is the conviction component. The description of

conduction occurs by molecular motion between solid the wall heat flow is given as:

and between fluids at rest, due to a temperatwaeignt.
Hence, in direct vicinity to the wall the heat eanlye is
caused by thermal conduction because the flow én th
direct vicinity to the wall must be laminar. Howeythe
heat transfer by forced convection dominates oetsids
boundary layer in diesel engines heat is trandelye
conduction through the piston, cylinder liner, ogér
head, and through piston rings to cylinder liner.

3. MODELING THE HEAT TRANSFER
PHENOMENON

In order to simulate the combustion, heat loss in
combustion chamber through the walls is calculdted
Newtonian heat transfer as an integral which i€ilesd
in the next equation [10]:

Q, = [headr, -, )rag ®

% =Y aA(T,-T,..) (@)

For simplicity the combustion chamber area is not
subdivided as mentioned before. Hence, the headfaa
coefficient is considered the same for piston, nogir
head and liner areas. There are different modeishwvh
used for modelling the heat transfer, (Woodchip @97
Heat transfer model is used for this study.

The calculation of heat transfer through the cortibns
chamber walls with using heat transfer coefficiesutsl
Newtonian approach requires the calculation ofntie&an

gas temperature and pressure which can be caldulate
from the ideal gas equation, as well as the caliculaf

the piston speed which can be determined from the
engine specification and the measurements of engine
speed.

So many semi-empirical equations were developed
over the last century for calculation of heat tfansthe

From the previous equation it can be noticed that use of semi-empirical term because many factorghwhi
the value of the heat loss during the combustion isused to calculate the heat transfer can only be

negative value, because the values of the heasféran
coefficient, angular velocity, and combustion chamb
surface area are positive values, whereas the wélie
difference between in cylinder gases and wall
temperature is negative.

determined by experiments. In this work two metfard
calculating the heat transfer will be introduced fhrst
method is the Woschni method which was developed fo
diesel engine which has been verified in so mauogtiss
and tests, many improvements and additions were

In order to analyse the heat transfer phenomenon inrddapted for special cases, the second method is

internal combustion engines, the forced connedtivat
transfer conditions are applied in the vicinityate the

Hohenberg’'s method and correlation (1979) which
considers the truly conditions inside the combustio

combustion chamber walls. Hence, the dimensionlesschamber of diesel engine

coefficients that used to describe the heat transfe
phenomenon are the Nusselt numbgy £ 2P) is used
A

42
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coefficient based on the assumption of stationatly f dQ 1

turbulent pipe flow, by using the Reynold, Nusskatd —2%=h A( -T )[é—j (8)
Pradentl numbers. The heat transfer coefficiergiven dé 6N )

as [7]: There are other methods for calculating the heat

W transfer in Diesel engines such as Bargende methdd,
a =12793D™ p "WeT" 053{ } ®)

> it will not be used in this work, since Woschni and

K Hohenberg models are simpler to be modelled than
Where: the characteristic of speed is given aftert  Bargebde model

modification as

(A 4. ENGINE SPECIFICATIONS
w=Cc, +C, (p_ po) (6) : :
AA The modelling process has been carried out by the

use of technical data for Hino W04D high speed alies
Where: (p_ po) the difference between the  engine. This type of engines can be used for differ

pressure during combustion and the motored pressurkinds of applications; one of these applicationsais

which can be calculated by the use of polytrophic marine engine in order to power small boats.

relation from the cylinder  volume, the

constant€,;,C, in the previous equation are given as Table 1. Hino marine high speed Diesel engine

specifications
C C
= + c <-t<
follows C, = 228 0308—m , 0< c. <3, where Vodd o WoaD
) ) Displacement 4,009
C., the piston mean speed, ai@ the circumferences Number of 4
Ll m cylinders
speedC, = 324010 '« Stroke 118mm
. Bore 104mm
3.2 Hohenberg model: Compression Ratio| 17.9:1
) , Needle opening 215 bar
The method of Hohenberg and its correlations was pressure
deyeloped .based on many experiments and r_esearches RPM Range 1500-2800
which carried on Diesel engine with employing the
. ; . Peak Power 56 kw at 2550
radius of sphere with a volume corresponding to the rom
instantaneous volume of the combustion chambeheas t Poak T 245N
characteristics length [10], the heat transfer faciefit is eak torque m
: . at1600rpm
gven as: Aspiration Naturally
08 08
_ 130(P [ﬂcm + 1.4) . Aspiration
¢ \/ 006 04 () Combustion Direct injection

And the heat transfer according to Hohenberg as5. RESULTSAND DISCUSSION
follows:
The numerical modelling carried out by the use of
MATLAB.

Heat transfer cosffciant duiing the combsticn procass, 1600 rp, €0 N.m

ficient [Kw/(.k)]

Heat transfe

385 360 35 n 375 380 385 39 3% 40 405 40 415 420
Degree of cank angle CA]

Figure 1 Heat transfer coefficient during the costion process
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Figure 2 Heat transfer according to Woschni anddiiblerg during the combustion process for varyirimdsgr
wall temperature

From Figure 1 we can observe that heat transfer7.

coefficient value by using Woschni method for
modelling it reaches a higher peak than the redsoih
using Hohenberg method, this peak is corresponident
crank angle where the peak result from using Hoaenb
method occurs at crank angle, as well as we caerobs
that at the last phase of combustion, the resuolinfr
Woschni method getting lower than the result from
Hohenberg method. The peak result of heat coeifficie
by using Woschni method is higher than the resfilt o
using Hohenberg method by 23%.

The effect of heat transfer coefficient results is
apparent on the result of heat transfer in figuretBe
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TWO ZONESTHERMODYNAMIC MODEL FOR HIGH SPEED MARINE DIESEL
ENGINES

'DAWWA MAHRAN, 2PAUL BOCANETE

L2Constanta Maritime University. Romania

Abstract: In this paper two-zone thermodynamic model hasihesed for modeling the combustion process in
direct injection diesel engine based on the resaftsmodeling the combustion process by using sirgbee
thermodynamic method. Single zone thermodynamithatetiepends on the average value of in-cylindepé&sature
and pressure, which considered one of the mairctieté using one-zone thermodynamic model. Heneeeldping a
new model is very necessary especially for betscdption of the in-cylinder peak temperature igithe combustion
process. The concept of two-zones thermodynamiceirisased on dividing in-cylinder gases in twae® the first
zone is unburned zone which contains fresh air thrdinjected fuel, and the second zone is burnee 2ghich is
formed from combustion products with high tempematurhe importance of the two-zone thermodynamiclehas
using it to calculate and to model Nox emissionise Tormation of Nox emissions highly depends onitheylinder
peak temperature. Hence, the more accurate rasuttedeling the temperature of in-cylinder gasesl I obtain more
accurate results in modeling Nox emissions
Key words. combustion, diesel engine, thermodynamic models,zwnes.

1. INTRODUCTION e The working fluid inside the combustion
chamber obeys the perfect gas laws.
The combustion process in diesel engines is a « The working fluid inside the combustion

complex process and many researches have beeadcarri chamber forms a close thermodynamic system.
out in order to model this process in simple antlieate « The engine rotational speed is uniform.

way. Thermodynamic models are considered the . pressure and temperature inside the combustion
simplest way for modeling the combustion process an chamber are uniform and change with
many models have been developed during the last crankshaft angle.

century for this purpose. One of these modelsriglst .

There is no change in the mass of in-cylinder
gases during the period between the close of
intake valves and the open of exhaust valves.
e The in-cylinder gases are in equilibrium state.
Only the laws and the equations of the conservation
of mass and energy are used as we stated befoaéteso
the close of intake valves there is no mass tramsfeof
the combustion chamber, which means the mass
exchange into and out the combustion chamber occurs
only at intake and exhaust strokes. Hence, the mhass
forms the cylinder charge “fresh air” can be caited
by the equations of engine air flow. Regarding the
energy conservation, the heat transfer betweenirthe
cylinder gases and the walls of combustion charndrat;
the rate of heat release from the burned fuel duttire
combustion process all can be calculated by theofise
certain equations which model the actual heat selea
and transfer characteristics in a satisfied way th
equations of mass and energy conservation givehais t
instantaneous pressure and temperature during the

zone thermodynamic model which is considered aulisef
choice for calculating some parameters of diesglren
such as the fuel consumption and the engine
performance, but this type of models cannot bdiahle
choice for predicting the emissions, so the devalkomt

of single zone model to thermodynamic two-zone rhode
is very necessary to get accurate and satisfiedtses

2. THERMODYNAMIC COMBUSTION
MODELS

2.1 One zone thermodynamic model:

The single-zone thermodynamic model or it is
called one-zone thermodynamic model is considened t
fastest easiest and the most simple method to nibdel
combustion characterization and emission formation
the combustion chamber of diesel engine. The main
assumptions for single-zone thermodynamic models ar
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combustion process which allows us to determingrthe 1355 of exhaust gaseB), the mass of evaporated fuel,
cylinder gases state at every crank angle. Temperat

pressure, and composition of in-cylinder gassesiseel ~ and M, the mass of blow by gases which escaped from
for gas emissions calculations, and this is the afriée cylinder to the crankcase. The first law of the

principle of thermodynamic modeling of the combaisti  thermodynamics describes the conservation of endtrgy

process. _ o states that only the enthalpy supplying and removal
The mass balance for the cylinder is written as through the thermodynamic system boundaries changes
dm, _ dm, N dm, N dm,,, N dm,, N dm,, ) the combustion chamber gases energy. Hence thgyener

conversation for the system according to ife law of
thermodynamics is written as:

dt dt dt dt dt dt
Where m, the mass of the systeni}, the mass of

the fresh air which entered from inlet valve®, the

dE,,_dU _dq,,dQ v dm
dt  dt  dt dt ot

Where:E_ System energy,U the total internal 2.2 Two zonesther modynamlc model:

energy, Q, the heat transfer in the cylindet, the One of the main shortcomings of single-zone

enthalpy of the fresh airhe(h exhaust gas enthalpy, the_rmodynamic model is the_ assumption that the in-
cylinder gases temperature is the same, but on the

h,, the enthalpy of blow by gased); evaporation  contrary the in-cylinder gases temperature varieshe
entire combustion chamber, this shortcoming of the
single-zone thermodynamic model can be reduced by
amount of heat which taken from gas to heat ugfubé  using empirical two-zone model during the combustio
before the evaporation. of the engine’s working process.
In the case of the two-zone thermodynamic model
As explained before single-zone thermodynamic the cylinder charges is divided into two zones. @oee
model can be modeled by the assumption that thecontains the unburned components of fresh air dinel
combustion chamber is a closed system. According toresidual gases, the residual gases component ibe&an
these assumptions, the mass balance equation for inneglected and only is taken into consideratiorh@dase
cylinder gases can be written as follows of wusing exhaust gas recirculation system, the
dmS temperature in this zone is relatively low, theesthone
— = Q) contains burned products, or more precisely
dt incompletely oxidized fuel which called the reantio
Also for simplicity heat losses due to the friction zone, and the temperature in the reaction zonégts. h
between the piston and the cylinder walls can beThere is a third zone which considered with no naass
neglected, and the fuel evaporation enthalpy etikely  infinitely thin, so it will not be taken into ouatculation,

small compared with the others and can be negleated this zone assumed to separate between burned and
well as due to the negligence of blow by gases, theunburned zones.

o+ dm*“md”*bm Th oS g

enthalpy of the fuel,Q, the heat release raté€), the

energy conservation equation can be written as. There are many models which used for modeling
dE, du dQ, dQ, dv the thermodynamic process inside the cylinder, ohe
= = + -P— (4) these models is Hohlbaun model, the approach wikich
dt dt dt dt dt used in this model is before the start of the costibo

The equation (4) determines the change in internalthe content inside the whole cylinder is the contdrihe
energy of our thermodynamic system, the terms ef th zone1 which is unburned zone, after the combustion
equation are the mechanical work, the heat from starting, the zone two is formed by adding and
chemical energy released by combustion, and thé heagyptracting the content of zone 1 via combustiooubh
transfer through the cylinder, all should be cated  the turbulent mixing inside the cylinder and thanie
Hence, From solving the equation(4) and by theaise  front propagation. The other method to model the
polynomial equation that describe the internal gne&f  combustion process is Heider model, the model ampro
in-cylinder gases, we can get the value of in-dgin s described by (Heider 1996) [3], [4] has beercted
gases temperature during the combustion and exgansi for the two-zone thermodynamic model calculation in
period, this temperature can be used in emissionsgyr study due to the simple formulation, good
calculating and modeling. computation and low calculation time. The Hiederdeio
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is based on empirical model for temperature diffeee * The heat that released by the combustion occurs

between the two zones. Heider model uses the @find only in the reaction zone

pressure difference between the cylinder pressimenw « No Nox emissions are formed in the unburned

combustion takes place and the theoretical pressire zone

the motored engine which called motored pressure. « The equivalence ratio in the reaction zone is
The first step for building the two-zone model will constant with time

be determination the mass of each zone dependitigeon The temperature difference between zones 1 and 2

rate of heat release of one zone thermodynamic lnode has a maximum at the start of combustion and dsesea
the second step will be the determination of eamhez o zero when the exhaust valves open due to theggne
temperature basing on empirical equation, the thiegp transfer between the zones.

will be after calculating the burned zone tempe®atu According to the previous conditions and assumption

where the equilibrium concentration will be detered, +m =
after that all the data which needed especially to m+m, ms; (5)
calculate Nox emissions will be available. All thesteps V,+V, =V, (6)
. ; . . 17 V2 s-
will be explained in details. '
The calculation of the state within the two-zones i P, =Py = Ps 7

based on the solution of the Single-zone modeltaad Where: numbers 1 and 2 denote the burned and

following cqndltlon and a;sumpt!ons: , unburned zones respectively. The mass of zone 1 is
e Cylinder content is considered as ideal gas calculated as follows:

e The pressure value is the same in both zones
e The conservation of mass and volume for both

zones
e | Quaf )] A
-m. + — stO|c+1 —_ch stO|c+1 8
M=+ M =AD" 41| == ) 5 ®
Where: LHV is the lower heating value usually mT, +m,T, =m.T, (11)
42000kJ kg M,y (@) is the injected fuel until the The difference between the température of burned

zone and the temperature of unburned zone reduitbd w
is the stoichiometric air-fuel ratio,  the progress of combustion process, due to thefeanf
energy between the two zones, so the difference in
temperature decrease till reaching zero at the mbome
@ fuel/air equivalence ratio. when the exhaust valves open, turbulent mixing is

The ideal state equation is valid for the both mpne considered responsible for the heat transfer betwiee

and each zone volume is related to the respectasses, WO zones, as well as the radiation and conveatibn

crank anglep, af .
Quem (@) the heat released until the crank amdle

temperatures and the cylinder pressure: heat but in minor effect.
mRT, The rate of the heat transfer is empirically ddweamti
Vv, =—+t21L 9) by the use of pressure difference between fired and
Ps , motored engine operatiop, — P,
v, = TRT ) TO-T@)=BAHN
Ps Where:

For the more conditions for the mean cylinder
temperature it is satisfied to write

¢EVO ¢E\/O
| @ - P @M@ de~ ([0~ P PIM@)
B( ¢) — Pooc Poc
¢EVO
[[R@-pu@Im@de
#80C

(13)

The value oB decreases from 1 to 0 when the A"ls given by the following equation:
exhaust valves open

a7
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015 this engine is naturally aspirated with direct atjen,
o_ 2 1_ the number of cylinders 4, the peak power is 56atw
A = AE—01 12 :
22 (14) 2550 rpm, the peak of torque is 245N.m at 1600 rpm,
A @

and the displacement is 4.009 liter, the rangehef t

Whereg =1 for small to medium size diesel degree of crank angle is from the beginning of
compression stroke till the open of exhaust valves.

engines, ang), is global air fuel ratio
More details about these equations can be found in
reference [3], [4] / N
In spite of the empirical nature of the Heider _ /\ e
method to determine the temperature of burned and |
unburned zones, it gives satisfied results reggrdire /\
calculations of Nox emissions from diesel engines,
adding to satisfied results, its simplicity and mho / \\
computational time which makes from Heider method a 1
preferable way for thermodynamic calculation of Nox ' \
emissions. ‘ :

— el i

M
3. RESULTSAND THE DISCUSSION Tt
. Figure 1 In-cylinder pressure

The results are obtained by the use of MATLAB
program for the sake of modelling in-cylinder gases
temperature and pressure for Hino W04D high speed
marine diesel engine at 1600 rpm, and torquel5QN.m.

As Figure 1 shows the difference between the W - -
pressure during motored operation and the pressure /\\ I i
during combustion this difference as mentioned teefo il i |
will be used to divide the temperature betweentie
zones inside the combustion chamber.

o == Jrd 2 EIE

b neae mucl et

—
— Motorec aparaton

0 ;, 4
= it conbuslicr / \ : 1l

140
50

: — -

i ; ; ; ;

: : : | |

: : : : :

H f | L L

g K] @ W i @ ] @ H ] 4
i /\ Dagee ok )
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Figure 3 The temperature of two zones model

— Figure 3 shows the difference between the burned,
M= w3~ w  w @ & unburned, in-cylinder temperature comparing witk th
Crerkangedegre [C4] . . . .
in-cylinder temperature during the motored operatio

Figure 2 In-cylinder temperatures and combustion, the peak temperature of burned zone

reaches a high values about 2784 C, whereas the
The Figure 2 shows the difference between temperature of unburned zone hardly reaches 1254.
temperature during the combustion and the temperatu
during the motored operation the peak temperatured: CONCLUSIONS

occurs shortly after the top dead centre by 33A. the
importance of accurate determination of peak pressu
because its effect on emissions formation spechiy
emissions.

Two-zones thermodynamic model gives more
accurate conception for the temperature iside the
combustion chamber by dividing it to two zones
relatively in a short time, and also in a small iiddal
computing efforts. The two zones thermodynamic rhode

helps to calculate the peak temperature of in-dgin
burned gases in more accurate way than one cylinder
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model. The main defect of this method is its inqalits [4] Gunter P. Merker Christian Schwarz Gunnar $ties

for calculating the real distributing of the temmtere Frank Otto, Simulating Combustion Simulation of

inside the comustion chamber, this defect can deced Combustion and Pollutant Formation for Engine-

by extend the two zones thermodynamic model toimult Development, Berlin, 2006

zones thermodynamic model. [5] Gunnar Stiesch, Modeling Engine Spray and
Inspite of this defect the two-zones thermodynamic Combustion Processes, Berlin, 2003

model is considered one of the practical model for [6] Horlock, J, Winterbone, D, The Thermodynamics

modeling and prediction the diesel engine perfomean and Gas Dynamics of Internal Combustion Engines, UK

and the gas emissions, this model which presentéus Oxford, 1986.

paper it can be used for calculating and prededtieg  [7] J. Arregle, J.J Lopez, J.M. Garcia, and C. Hesa,

Nox emissions from diesel engines. Development of a zero-dimensional Diesel Combustion
model. Part 1: Analysis of the Quasi-steady Diffusi
7. REFERENCES Combustion Phase, Valencia, Spain, 2003

[8] Lino Guzzella and Christopher H. Onder,
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[2] Constantine D. Rakopoulos, Evangelos G Fundamentals, Newyork, USA 1988.
Giakoumis,Diesel Engine Transient Operation Prilesip  [10] Klaus Mollenhauer, Helmut Tschoeke, Handbobk o
of Operation and Simulation Analysis, London, 2009 Diesel Engines, Berlin, 2010
[3] Gunter P. Merker Christian Schwarz Rudiger [11] Nima Khatibzadeh, Masoud Ziabasharhagh,
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Formation, Combustion, Emissions and Simulation, Combustion and Emissions Prediction in a Direct
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VELOCITY OVER THE TARGET SURFACE AND PRESSURE FOR
A NUMERIC GEOMETRY OPTIMIZATION OF AN WED

'George Martinas,’Andreea Arsenie, *Marinel Danut Lamba
1.2.3Constanta Maritime University, Faculty of Naval &he-Mechanics, 104 Mircea cel Batran Street, 9G066
Constanta, Romania, e-mail address: martinasgeorgle@.com, arsenie.andreea@gmail.com,
danutlamba@yahoo.com

Abstract: The pressure on ships designers to achieve lediced fuel costs and reduced emissions by optignidie
hull and propeller has never been higher. Being afrthe key strategic business goals for ship osed operators,
the reduction of fuel cost becomes essential; amthérmore a variety of recent legislations requreners and
operators to move towards the reduction of emissfoam ships of SOx, NOx and CO. There has beeat gnéerest in
the potential to enhance the performance of exjstimssels through retrofit of devices to the hiallparallel to the
performance improvement of new built vessels. Tlk&Equalizing Duct (WED) device must be customizefit to
the afterbody of the ship in terms of performirggstipposed function as Velocity over the Targeta®8arand Pressure.
The Designer is therefore placed in the front oftiple geometric solutions from between he has &keéna choice. A
given geometry of a WED device is taken and viai@re©ptimization the geometry of the duct was refirso that
better results are achieved with a smaller and necorapact WED. A rational choosing approach by iavg the
numeric optimization of the geometry of the WEDoimler to select the best fitted WED to performlilest in order to
achieve some predefined parameters is targetéisipapers.

Key words: Design Explorer, Finite Volume Analysis, Geomeddptimization, Maritime Ships, Wake Equalizing Duct.

1. INTRODUCTION therefore placed in the front of multiple geometric
solutions from between he has to make a choices Thi
The reduction of fuel cost has always been one ofpaper is intended to help the Designers to haianal
the key strategic business goals for ship owne an choosing approach by involving the numeric
operators. In the current climate of high oil psicéghe  optimization of the geometry of the WED in order to
reduction of fuel costs becomes essential; andselect the best fitted WED to perform the bestriteo to
furthermore a variety of recent legislations requir achieve some predefined parameters.
owners and operators to move towards the reduction The claims may not give details as to the condition
emissions from ships of SOx, NOx and CO. under which the savings have been achieved andier h
Hence the pressure on designers to achieve boticedd the savings have been calculated and/or measured.
fuel costs and reduced emissions by optimisinghtlie Furthermore, the magnitude of the savings may hell
and propeller has never been higher. In parallehéo  within the range of uncertainties and measuremeots
performance improvement of new built vessels, th@®  on the full-scale vessel. Consequently, cautiowsatprs
been great interest in the potential to enhance themay well be skeptical about the validity of theuiigs
performance of existing vessels through retrofit of being presented to the market, and it is absolutely
devices to the hull. A wide range of concepts Ihasn reasonable and necessary for a buyer to verify

proposed, many of which involve modification or troh independently the amount of savings before any
of the flow in the vicinity of the propeller. Theterest investment on an ESD or ESDs [2].
in these devices arises with increasing oil priCeese The savings look very attractive to ship operators,

devices are commonly called “energy saving devicesfor instance a saving of 7-9% from installationaofvake
(ESD)” and sometimes ‘retrofitting technologies” equalising duct (Schneekluth, 1986, Schneekluth DYVE
although many can be considered for new designs asind Bertram, 1998) or 8-9% from a combination okeva
well[1]. equalising duct and pre-swirl fins (Mewis, 2008, Wik
In any case for instance the WED device must be 2009). In general, the negative aspects of thecdsvi
customized to fit to the afterbody of the shipémms of  include the considerable cost of installation, atsd the
performing its supposed function. The Designer is reported reluctance of manufacturers to guaratiee t
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claimed savings[3].

2. CAD AND FINITE VOLUME ANALISYS
(FVA) MODEL OF THE SHIP

The goal of this paper is to calculate via software
Ansys 13" the best geometric solution for a WED
device. It is known that a poor design of the WEDot
only improving the overall efficiency of the vesdmit
may have an adverse impact failing to achieve its

purpose.

The model has as departure point a real
portcontainer as seen below, with the following
parameters:

LengthL- [m]- 173

BreadthB- [m]- 25

DraughtT- [m] -9.50

DiameterD- [m]- 5

Number of bladeZ - 6

Propeller RPM-120

Average Speed-16 knots (7 m/s)

afterbody CAD
generated

radar + container

masthead light

anchor-windlass room

1 j forecastle
WS container hold § i

Figure 1 Port-Container

In order to have a starting point for the simulatio
first of all the afterbody was firstly CAD generdtwith
the WED device attached, and all the parameters for
fluid flow were calculated accordingly. From thadint
on the Ansys Design Explorer was involved in orter
optimize the geometry[4][5].

— m—ﬁtﬁ\i\

g
\
\

Figura 3 CAD geometry with WED

In order to provide more details on the geometry of
starting model of the WED device and the optimaati
input parameters, the below figure is shown, with
dimensions in [mm].

5 input geometric parameters were defined as
follows:

Table 1. Input geometric parameters

Lower Upper
Name P mit it
. 14 22
P1| Angle Continuos
Minimize [degree] | [degree]
. 1980 2420
P2 Dggt L'ength Continuos [mm] [mm]
Minimize
. . 1600 2250
P3 Smgll 'radlus Continuos [mm] [mm]
Minimize
Bigger cone | Continuos| 2250 2750
P4 ;
radius [mm] [mm]
Minimize
Distance Continuos
P5| from the 1800 2200
[mm] [mm]
propeller
Minimize

The fluid domain was divided in two: the fluid

domain which is surrounding the afterbody having th

Figure 2 CAD geometry with WED
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fluid domain with CFX option of “frozen Rotor” wher  propeller efficiency-the bigger the better) and the
the fluid is moving circularly around OZ axis wift20 average pressure on the inside of the WED device
RPM. In between these two domains interfaces were(suspected to increase the drag-the smaller ther}jét:
established. The other boundary conditions weret,inl

outlet and openings as decided earlier[6][7] Table 2. Output parameters
In order to make clear some important surfaces, :
three control planes were defined as follows: D EErEeier NerE Starting

Value

e Control plane number 1 (P1) placed at 1200

. ) P6| VelocityTarget (maximize)  14.769| m s"-1
mm above the propeller axis and coplanar with

the two WED devices axis; PressureDuct 80874 | p

»  Control plane number 2 (P2) which is including (minimize) a
the propeller axis;

e Control plane number 3 (P3) placed at 1500 3 CFA SIMULATION AND OPTIMIZATION
mm away from the propeller domain; RESULTS

 Target Plane which is in fact one of the

propeller domain interfaces as below: After reaching the convergence of the given stgrtin

models, and going through Design Explorer Modulge, 2

Taking into account the above defined control gesign points were calculated in order to define th
planes as output parameters[8] needing to be agomi response surfaces of the project:
were defined as being the Average fluid velocitggdag

through the Target Plane (suspected to improve the

Table 3. Design Points

P2~ P3-Small P4 - Bigger giSSt_ance
Name Pl(;jgg)gle Lgrlmj;:h Radius cone radius = from the
(mm) (mm) (mm) propeller
(mm)
1 18 2200 1925 2500 2000
2 14 2200 1925 2500 2000
3 22 2200 1925 2500 2000
4 18 1980 1925 2500 2000
5 18 2420 1925 2500 2000
6 18 2200 1600 2500 2000
7 18 2200 2250 2500 2000
8 18 2200 1925 2250 2000
9 18 2200 1925 2750 2000
10 18 2200 1925 2500 1800
11 18 2200 1925 2500 2200
12 16.867 2137.7 1832.9 2429.2 2056.7
13 19.133 2137.7 1832.9 2429.2 1943.3
14 16.867 2262.3 1832.9 2429.2 1943.3
15 19.133 2262.3 1832.9 2429.2 2056.7
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16 16.867 2137.7
17 19.133 2137.7
18 16.867 2262.3
19 19.133 2262.3
20 16.867 2137.7
21 19.133 2137.7
22 16.867 2262.3
23 19.133 2262.3
24 16.867 2137.7
25 19.133 2137.7
26 16.867 2262.3
27 19.133 2262.3

Taking each and every design points to be
calculated via CFA, the output parameters to be
optimized are shown below:

Table 4. Output calculated parameters for eaclgdesi

points

o

1 14.518 1.0123E+05

2 14.75 99999

3 14.514 1.0294E+05

4 14.553 1.02E+05

5 14.482 1.0077E+05

6 14.527 1.033E+05

7 14.541 97174

8 14.561 97907

9 14.581 1.0307E+05

10 14.556 1.0094E+05

11 14.571 1.0135E+05

12 14.65 1.015E+05

13 14.596 1.0155E+05

14 14.574 1.008E+05

15 14.543 1.0136E+05

16 14.6 98976

17 14.539 99788

18 14.563 98563

19 14.576 99455
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2017.1 2429.2 1943.3

2017.1 2429.2 2056.7

2017.1 2429.2 2056.7

2017.1 2429.2 1943.3

1832.9 2570.8 1943.3

1832.9 2570.8 2056.7

1832.9 2570.8 2056.7

1832.9 2570.8 1943.3

2017.1 2570.8 2056.7

2017.1 2570.8 1943.3

2017.1 2570.8 1943.3

2017.1 2570.8 2056.7
20 14.595 1.0255E+05
21 14.553 1.0314E+05
22 14.547 1.0218E+05
23 14.514 1.0297E+05
24 14.588 98469
25 14.577 1.0143E+05
26 14.57 1.0046E+05
27 14.558 1.0152E+05

The software is automatically selecting the
maximum and minimum calculated values of output
parameters as below:

Table 5. Minimum and maximum output parameters

LA Al Maximum value
value
P6 -
VelocityTarget | 14.478 14.784
(msn-1)
P7 -
PressureDuct 67648 1.4648E+05
(Pa)

By judging the above minimum and maximum
value of the pressure inside the duct, the diffeeeis 20
folds which is clearly making a difference betwesn
good and a poor design.

By setting the goals of maximization
minimization defined above for all the parametatsthe
end of the optimization process three best canesdartll
be generated:

or
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Table 6.The three best candidates

P4 — P5 - P6 —
P1 - Angle P2 —Duct | P3 - Small | Bigger Distance velocity P7 -
Lenght Radius cone from the Pressure
(degree) ; Target
(mm) (mm) Radius propeller Duct (Pa)
(msn-1)
(mm) (mm)
. x Yok * *k |k *
Candidate L8 * % *
Point 1 14.164 2049 2081.8: 2330.3 | 2159.4 14.78 98351
14 degree 2050 2080 2330 2160 '
; .3 . . w
condidate | ek ¢ % ¢ % kk o |= | *X *
omn 14.644 1997.4 2242.3 2282.3 ' 14.756 94591
g;r:glgate Fok x5k * *k | Rk * 1.0633E+0
15.284 1988.8 2028.3 2295.1 |2154.7 14.702 5

Here once again the Designer is called to make a
decision, we choose the first candidate havingetistars
to the most of the parameters.

In order to have an overall idea on the influente o
each and any input parameter has on the output
parameter, the sensitivity charts and responseacesf
are the best aids for judgment. Since the possible
combinations are many, only few response surfaces a

given below.

e The influence of optimized parameters on the
velocity through the target surface

By analyzing the figures below, one may see that
the shape of the velocity fields on the upper zohthe
propeller is more extended, so that the optimizedion
is “pushing” more fluid on this zone.
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Figure 4 The starting model and the optimized

The influence of optimized parameters on the
pressure inside the duct

model velocities
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Figure 5 The starting model and the optimized

model duct pressures

Finally if one wants to visualize the effect of the
optimized input parameters, we can recalculate the
model with these new optimized parameters for
geometry.

4. CONCLUSIONS

In this paperwork a given geometry of a WED
device is taken and via Design Optimization the
geometry of the duct was refined so that bettarlteare
achieved with a smaller and more compact WED
regarding Velocity over the Target Surface and §nes
In doing so, the Designer is assisted by numeric
optimization methods to choose from only three Ifina
candidates instead of several thousands in order to
provide the best fitted WED geometry for a givelpsh
afterbody.

The wake equalizing duct (WED) is one of the most
commonly used energy saving devices for improvirg t
propulsion performance of a ship; and reducing the
propeller-excited vibrations and viscous resistance
forces.
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Abstract: In the context of the high interest on the conadp@nergy, engineering education has to adaptaortbdern
technical requirements. In this respect, marineirexgging, as a part of engineering education isnépcurricula
changes.

This paper deals with an attempt related with theproving of the teaching syllabus of the disciplioalled
Thermodynamics / Part 1, included in the curricafafuture marine engineers, enrolled in Constantaritiine
University (CMU). More exactly, it is about the trg of open cycles of gas turbines. The need oframipg this
theory came from the fact that in the last decatl@s, technology became more and more attractiveditberent
industries. Maritime industry is one of these, vehi¢lis registered a high interest for thermal parfance improving.
Thus, if the classic theory of open cycles gasit@dwas based on considering the working fluithe¢ca perfect gas,
having constant specific heats, the new approadis@issing the case of irreversible cycle andifpd®ats of air and
flue gas depending on temperatures. Results trekafeeenew hour allocation.

This theoretical basis is allowing a more detaitedrmal efficiency evaluation and assessment otifipefuel
combustion.

Key words: gas turbines, thermodynamics, specific heats

1. INTRODUCTION be able to assure an easier penetration of ouugtes in
the world’s fleet.

In present, gas turbines are recognized to be among  In this paper it is discussed the manner in whigh t
the most used power generating systems, thesecourse of thermodynamics is enriched related tddpie
technologies being similar to internal combustion of gas turbines.
engines in which after the combustion of air andl fu In the following section will be presented details
mixture result hot gases that spin a turbine ineor regarding the syllabus of this discipline, delivete the
produce power; if in reciprocating internal combmst ~ future marine engineers, in the context of the ysislfor
engines the fuel burning takes place intermittentliygas the working fluid as a perfect gas with constarecsiic
turbines it occurs continuously [1]. heats and specific heats of air and gas as a @mcti

Regarding land based sector, gas turbines can be&emperatures.
met both in direct drive and mechanical drive

application, the weight being an important motigatfor 2. METHODSAND MATERIALS
the offshore platform use; usually on board theshi
and a gas turbine is driving the propellers throagjear In Constanta Maritime University, students aretfirs
box [2]. introduced in the topic of gas turbines within tmurse
The maritime industry relies on the academic of Thermodynamics / part 1, delivered for the fatur
education when it is about involving high qualitafé marine engineers, in their second year of academic
All over the world, higher maritime education is preparation.
included in engineering education and in Romania it Thermodynamics / part 1 is a discipline with altota
governed by international standard — formulatedthzy of 70 hours for Electromechanics Specializationjcivh
International Maritime Organization and also byiorwél are distributed as: 42 hours for courses, 14 héaors
standards — found in the national engineering cuiai seminars and 14 hours for laboratories.
In Constanta Maritime University efforts are Compulsory prerequisites are physics and advanced

constantly done in order to upgrade curricula dmg to mathematics and recommended it is chemistry.
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Course objectives are stated as having theoretical

knowledge for the application of thermodynamics daw
in order to study processes developed in marinerihie
plants, while applications objectives are definesl a
knowledge and calculus understanding and applicatio
gained during courses, through specific problems.

Related STCW objectives are found in Appendix 3:
the capacity of translating in practice theory gdin
during theoretical courses, obtaining solutionsgecific
engineering problems and the ability of communiaati
these results.

Course outlines are as follows, with the
specification of duration and relationship with IMO
regulations:

Thermodynamic properties: pressure,
temperature (7.04 Appendix 3-1.1, 4 h)
Thermodynamic energy: internal energy and
enthalpy, kinetic energy, heat and work (7.04 Amlden
3-1.2,6 h)

Thermodynamic systems: closed, open, adiabatic,
isolated systems (7.04 Appendix 3-1.3, 1 h)

Energy exchange: first law, sign of heat and work
exchange, practical utility of the first law, sedolaw
(7.04 Appendix 3-1.4, 8 h)

Ideal gases: simple transformations, characteristic
state equation (7.04 Appendix 3-1.7, 6 h)

Theoretical cycles of thermal machines: internal
combustion engines, gas turbines, reciprocating
compressors (7.02.1.2.1.1, 10 h)

Vapours: characteristic equations, types of vapours
thermodynamic tables, simple transformations, Gles4s
Rankine cycle (7.04 Appendix 3-1.6, 3 h, 7.02.12.4

h).

Seminars deal with: thermodynamic parameters of a
thermal system, mixtures of ideal gases, simple
transformations of ideal gases, cycles of thermal
machines, combustion of liquid fuel, vapours.

The classic approach of the theory of gas turbines
with isobaric fuel combustion presented during eeur
delivery, consists in discussing the case of the ai
standard cycle, for which the thermodynamic sysiem
an ideal gas, with the specific heat at constaessure
given by:

volume,

)

where:
R — specific gas constant
k — adiabatic exponent.

In this type of analysis, the heat capacities prese
in formulas are those for air.

A simple gas turbine cycle with isobaric
combustion of fuel is the Brayton cycle, known aéso
Joule cycle.
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This cycle is given in Figure 1 and it consiststhg
processes: adiabatic compression in the compressor,
isobaric fuel combustion with heat addition, adiaba

expansion and isobaric air cooling till its initial
condition, with heat rejection.
F
2 3
i [—y—ip—
bl “u- =
1 4
)
(a)
T 3
4
24 . %
4t \
; pe
|4 P
—
I
5
(b)
Figure 1 Brayton cycle (gas turbine) a: p-v diagram
b: T-s diagram

Above, 12 and 34represent the reversible adiabatic
processes (theoretical).

Despite the fact that we are discussing about the
open gas turbine cycle, Figure 1b is specific todlosed
cycle, which implies a heat exchanger after thbing,
in order to be isobaricaly cooled the working fluit
state 1 and the cycle repeats [3].

The new approach deals with the perspective for
which are exposed formulas for the assessmentef th
specific heats of air and gas depending on temprest

3. RESULTSAND DISCUSSION
The new approach related with the theory of gas
turbines, to be included in the syllabus of

Thermodynamics / part 1, is given by the equations
written bellow [4].



ISSN 1844-6116 http://www.cmu- edUJenIb

Journal of Marine Technology and Environment Y2@t5, Vol.1 ==

The thermal cycle efficiency is calculated with the

formula: T =T
Nac = e (7)
W To-Ty
Nt —Q—n (2)
i T3-T.
Nae = 24 (8)
where: T3~ Ta
W, — net work of the gas turbine . .
Qi — heat added to the working fluid The air temperature at compressor exit is found
1 . .
with:
ks‘l ka_l
- 1 B ka _
W, _CpgT:ﬂae 1_ﬁ _CpaTl — (3 T, =T 1+B—1 9)
g ac 2 1
: Nac
B 9
where: The specific fuel consumption is evaluated with:
Cpg — Specific heat of flue gas
T3 — temperature at the end of isobaric combustion 3600f
Nee Mac — efficiencies of isentropic expansion and Csp =~ (10)
compression n
B — compression ratio (ratio between pressures at _
compressor exit and inlet) where:
Coa— SPecific heat of air f — ratio of mass flow rate.
k — ratio of specific heats (adiabatic exponent) ) e -
T, — temperature of air at compressor inlet According also to [5], “f" is the rate between the
fuel mass rate and air mass rate, so:
ka_l
B ka ;= CpgT3 ~Cpal2 (11)
Qi =Cpgal T3 ~ Ty |1+ > (4) LHV —cpgT3

In the burning chamber, the energy balance
equation is as:

where:
Cpga— average value of the specific heat of the flag g My CpaTy + My LHV + 1y . Ty = )
The specific heats are found with the equations: = (mair + g )Cpg T3
—10189EL03 -0.1378T,; + By the help of the above theoretical assessmésit it
P possible to be evaluated the effect of air tempegadn
+1.984300 " T + (5) the thermal efficiency of the gas turbine, for eiitint

values of the compression ratio and temperature of

working fluid at the end of combustion, the inflgenof

air temperature on the specific consumption of foel

different values of the temperature at the enduohing,

available for the air temperature in the range {800)  the influence of the compression ratios on thermal

K. efficiency and specific fuel consumption for didat
values of the temperature at the end of combustion.

Cpg =1.8083~ 2.3127EL0"3Tg + In order to add to the classical approach of the ga
turbine theory the above mentioned analysis
methodology should be reconsidered the hour ailmtat
for the chapter called “Theoretical cycles of tharm
machines”, as proposed bellow (see Table 1).

Having in view that the topic of reciprocating
compressor will be discussed in detail during therse

+4,23991107 /T3 -37632107°T14

air air

+ 40450107°TF - 1.736310° T, (6)

The effect of irreversibilities is introduced tobet
with the isentropic efficiencies, assessed with:
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named Marine Refrigeration Plants, included in the
curricula of future marine engineers, the theory
presented during Thermodynamics / Part 1 coursdoean
structured for 1.5 h course presentation, from 2 h.

Table 1. Hour allocation for theoretical cyclegtodrmal

machines
. Classic hour| New hour
Topic . )
allocation allocation
internal combustion 5h 5h
engines
gas turbines 3h 3.5h
reciprocating 2h 15h
compressors
4, CONCLUSIONS

Because in the last years gas turbines became more(3]

interesting in different industries such as tramspo
engineers should be ready for the growth of this
technology.

This paper focused on the interest in improving of
syllabus of the discipline called Thermodynami€art
1, specific to the academic training of future mari
engineers, enrolled in CMU.

In order to enrich the part of theory dedicatedds
turbines with a new approach, was proposed a new ho
allocation within the chapter dealing with therrgtles.
This new allocation will not negatively affect theneral
knowledge of future graduates.

60

The new approach deals with specific heats of air
and flue gas depending on temperatures. The agalysi
methodology will allow to future marine engineess t
assess different effects:
variation of thermal efficiency with air temperagur
variation of thermal efficiency with compression
ratio
variation of specific fuel consumption with air
temperature
variation of specific fuel
compression ratio.

consumption with
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DEVELOPMENT OF MATHEMATICAL MODEL FOR HUMAN RELIABILITY
ASSESSMENT

Sabina Nedkova

"Prof. Assen Zlatarov” University, BurgaBrof. Yakimov Str. 8010 Bourgas, Bulgaria, sabiredkova@abv.bg

Abstract: The assessment of the human reliability is an gitem predict the behavior and the attitude of rien,
which could lead to the realization of a criticaliation. This is a complex process, mainly du¢hi fact that unlike
machines which failures are predictable and eadetmentified because of the exact parameterghiegbrocess must
have at any point in its development, when dealivith people, we cannot speak of "failures” in thergly
technological sense of the word. Some of the mwoglortant reasons for that are: that the people’skvi® often
described qualitatively, but not quantitatively;nmost of the cases the action carried out by a humpart of a process
shaped by the actions of other people involvedtiraind in the complex of factors, physical and psyogical,
personality-related, qualifications, experience kndwledge, as well as the environment and thereattiwork, which

affect the human in the performance of his duties.

Key words. human reliability assessment, risk, integral ris#tex, quantitative risk assessment

1 INTRODUCTION

relations in “man-production” environment in whiahe
difficult to identify the hazards and the risks, exging

The complicated production environment nowadays by the human actions. On other hand, constituting a

defines specific risk areas, which
attention to each of the risk factors, which provokem,
in order to determine their impact on the overall

require special major part of the technological risk, in the proced

implementation of specific critical situation, theman
errors can be attributed to many factors - incoepet,

processes - both technological and managerial. Thepoor motivation, negligence, poor organization, #md

working environment leads additional risk factotedo
the presence and the intervention of the humarorfact
and the possibility of its influence on the procéssa
different then the planned direction. Human action
cannot be ignored, despite the high automationhef t
processes and the seemingly less and less invohtesfie
a direct human involvement. The man is a part ef th
working environment and of the process of its plagn
engineering design, operational implementation ahd
any direct activities, done by managers, desigaeis
operators, but also by external (sometimes accadjent
participants, users and others.

requires a high degree of analyze and segmentafion
any of the above listed factors. The results frdma t
implementation of the complex working situationas
combination of these factors, but in our opinioe thost
important in the process are the professional and
personal characteristics of a human, which detegriiie
human reliability.

The human reliability assessment in this study is
interpreted as a way to predict what is the poaé¢mti a
person, in the context of a particular job, to také&ons,
which could lead to the realization of a criticalation,
or with other words how can be relied on a mantiier

Statistics show as a major cause of up to 90%lof al sustainable functioning of the system. In this eemgere

accidents occurring in the workplace in the lasw fe
decades the human error [1]. This means that theahu

selected five, most important basic factors which
influence the expression of this potential. This

error occupy a key place among the reasons forassessment is related with clarification of thesoes,

realization of critical situation because it hapadential
to result in a accident of different scale, causimg
disaster or a catastrophe.

The risk analysts usually pay a lot of attentiomthi®
assessment of the technogenic risk and quite tefiset
assessment of human reliability in the production
environment. The reasons for this are the complex

61

most of which-personal characteristics - attitude,
character, or "background" of the human response to
particular action or operation. The most importagult

of this multi-criteria analysis in this study is eth
quantification of the integral risk index, whichakso an
objective possibility for comparing of the human
reliability of the people, in different situatiomsid with
different job duties.
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2. MATERIALSAND METHODS
The human reliability HIR) is defined on the
base of the integral risk indexR:: (R O [0, 1]) on the
following formula:

HR =1 - Ry Q)
From the formula is obvious that the lower risk

indicator is the higher human reliability is.
For the calculation of the integral risk index

factors are ranked according their decreasing
importance, the worth (weight) of thd'ifactorw; can be
defined by the rule of Fishbern.

_2(M =i +1)
TR 3)
(M +DM
We chose the rule of Fishbern to determine the
weights of the basic factors because of its easy

application and at the same time the possibility of
inclusion of expert opinion of a risk expert, whanc

R is created a mathematical model. This model is rank the factors, by listing them, in accordancthheir
based on the method - Linear combination of private importance. In the present study this order isiobthas

criteria (LCPC) and on hierarchical model of bamid
their constituent factors. The creation of this elofbr
calculation of Ry, is done through the following
algorithm:

2.1 Determining the basic risk factors

Through an expert opinion amongst the full
range of risk factors had been defined a set & lfiasic
risk factors r; (i=1,.M), (M=5), which are most
important for obtaining of a complex assessmenisif
associated with human reliability. In this case we
selected five of them, but the model allows the
additionally adding of other factors, taking intocaunt
the specifics of the activity.

2.2 Determining the relative importance (weight) of
the factors

For every basic factor; had been determined the
level of its relative importance (weight)

M

QO w =1 )
i=1
Table 1. Weights of the basic factors
Basic factorsr; Weight

r,—Professional characteristics Wy

(ProfC)

r,—Personal characteristics (PC) Wy

rs—Working environment (E) Ws

r,—Physical State (PS) Wy

rs—Behavior (B) Ws

For the determination of the weights of the factors .

could be used different methods of expertise (imated
evaluation, ranking, pair wise comparison), as veall
the method of analysis of the hierarchy (AHP). When
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a result of a research done in four commerciaksite
Bulgaria, offering different types of job duties,
environment, physico-chemical parameters - oilniagj
and sale of fuels and services, glass manufactde a
maintenance and sale of agricultural machinery.
2.3 Determining the subset of component factors
Trough an expert way for the basic factogs
which contain subordinate factors had been defiaed
subset of component factors (S-factors). In ouecas
factors are quality attributes.

For each S-factor is determined its weigit
compared to the base factor (the sum of the weights
all S-factors of a basic factor is equal to oneheT
current values of the S-factors are results of
measurements, expert assessment for their expected
value or are determined on the basis of the results
obtained by the usage of relevant models.

Table 2. Values and weights $ffactors

Sfactorsof the | Current values Weiaht
basic factor r; of Sfactors 9
S X1 P1
S X2 P2
SN XN Pn
2.4 Normalization of the current values of the S-
factors

The method.inear combination of private criterja
which we use, requires normalization of the current
values before its implementation. The problem of
normalization arises due to the fact that as a tide
meanings of the risk factors are set in differamtsuand
different scales of measurement. This makes their
immediate generalization impossible. The operafan
bringing the immediately asked meanings of factora
single scale and dimensionless form is called
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normalization. Normalization can be performed in
various ways. In our mathematical model, is appttesl
method of replacing the absolute values of theofact
with relative values in the interval [0, 1] by tfwlowing

formula:

Xi ~ Xmin
X (4)

o1~
Xmax ~ Xmin

In those cases where the factors are quality
attributes, which have no quantitative assessnaeatset
numerical values corresponding to quality levelsry
low, low, medium, high, very highwhich are also
converted to the interval [0, 1]. The transformatiof
qualitative levels or their quantitative assessment
their normalized form can be accomplished by the
following rule.

Table 3. Normalized values of the quality levels
of the factors

Quality levels of the Normalized values
factor
Very low [0-0,20)
Low [0,20-0,37)
Medium [0,37-0,63)
High [0,63-0,80)
Very high [0,80-1,00]

The normalized values are set through expert
assessments.

25 Calculating of the aggregate value of each
basic factor

N
We calculate the aggregate valud of every

basic factorr;, consisting component factorS-factors)
on the following formula:

N
N
A= Z PiXio1 (5)
k=1
whereas:
N — number of theSfactors k=1,..N) for the
relevant basic factar,
p« — weight of the k" Sfactor in the
generalization,
Xo1— hormalized value of the" Sfactor.

The results are listed in a table with the values
and weights of the basic factors -Table 4.

Table 4. Values and weights of the basic factors

Aggregated or
current values of

Basic factorsr; Weight
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the basic factors
r,—Professional
characteristics AlN Wy
(ProfC)
r,—Personal N
characteristics (PC A Wa
rs—Working N
environment (E) A W3
r,—Physical State N
(PS) A, Wy
rs—Behavior (B) ASN We

2.6. Calculation of the integral risk index;;Ron
the following formula:

Rint = (Wi mNi) (6)

whereas:
w, — relative importance (weight) of the base factor

(indicator)r;; ZV\{ =1;
AN
fi;
M — number of the basic factors
problematic situation.

- aggregated (current) value of thB basic factor

in the studied

The model can be built out from arbitory number of
levels of hierarchyand for each S-factor could also be
used a variety of component factors with their euatr
values and weightsThe obtaining of the aggregated
values of the S-factors on the basis of the vabfethe
respective meanings of the component factors isechr
out in a similar manner.

It is important to point out that the requiremefit o
the model is that all risk factors and their conmgrun
factors should vary in theame direction- the higher
value means a higher level of risk, and there shbel
no correlation between the factors from the relévan
level.

2.7. Performing a procedure for recognition of
linguistic level R,

Table 5. Quality levels dRy,

Values ofR; Quality level ofRy,
[0-0,20) Very low
[0,20-0,37) Low
[0,37-0,63) Medium
[0,63-0,8) High
[0,80-1,00] Very high
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2.8. Human reliability, estimated by, R
Table 6. Human reliability, estimated By;
Value ofR,, Value_ of .I-_Iuman Human reliability
reliability assessment

[0-0,20) (0,8-1,00] Very high
[0,20-0,37) (0,63-0,80] High
[0,37-0,63) (0,37-0,63] Medium
[0,63-0,80) (0,20-0,37] Low
[0,80-1,00] [0-0,20] Very low

The assessment of these factors in the created
mathematical model includes an analysis of five key
according to us characteristics of human reliahitihese
are:

3.1.1 Factor 1 (1), Professional characteristics, or
how the operator

Is trained to develop his duties and how his
professional competence and experience, influetioes
performance of his direct tasks. This factor hazeh
component factors, which are: experience; quatifica
education and skills. This factor is quality presein and

The human reliability assessment can be presentedor the minimal and the maximal values, which inca

in the range [0-10] for the sake of its easy intetgtion

and use. This requires the resulting assessmetieto
multiplied by ten-table 7.

have are used quality levels corresponding to nizaler
values as shown in table 5 (very low, low, medithigh,
very high), which are also converted to the intef@al]

- table 8.

Table 7. Human reliability assessment through the
integral risk index

characteristics

Table 8. Quality levels of Professional

Value of Human| Human reliability
Value of Ry o
reliability assessment 5 c
[0-0,20) (8,00-10] Very high T = =
[0,21-0,37) (6,3-8,00] High 3 & 2
[0,37-0,63) (3,70-6,30] Medium 2" s S
[0,63-0,81) (2,00-3,70] Low El E 3
[0,81-1,00] [0-2,00] Very low (o4 -
X Five or more years of
3. THEORY 2 qualification,
3.1 The human reliability assessment (HRA), as ‘_% ngeygfr;:rfeeféfgtlgfn, [0-0,20)
part of the risk assessment E‘ experience,
The human reliability assessment (HRA) is the Fivgg?ﬁgfet?/l;zrr]s of
comon name for a range of methods and models which| X qualification
are used to predict the occurrence of human endraa = Five years of education [0,20-0,37)
a way of reducing the vulnerability of the systemaa % Five or more years of ' ' '
whole [1]. In all the methods and approaches of &um - experience
reliability assessment is used the term "humarnr'eaind
is aiming to develop an assessment of the prolbaloifi = —
its occurrence. On other hand the use of this t@ises 2% Edléiarj'[éc:ir;re]léel?%s;tet:;izysa S'[O 37-0,63)
negative views of some scholars who state that dmm g = No courses taken ' ' '
error" is not well defined and is very fuzzy contep
because it can not be specific category of human
performance. Attribution of error actions to cantai < Course, related with the wor
individuals, team or organization is essentiallgazial E duties, [0,63-0,80)
and psychological process, not an aim of a technica| No education, ' '
nature. [3]. T No experience
In the developed by us mathematical model the
human reliability is determined by the value of the | & No qualification,
integral risk index on the basis of five basic ¢ast < x No education, [0,8-1,00]
They are outlined through our study of fifty empdesg, =q—>,‘ = No experience, e
working in four different commercial entities. Tleeare > No skills

the factors which we consider as most influencimg o
human reliability.
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3.1.2  Factor 2 (3), Personal characteristics

Is the ability of each employee to be part of a

Table 9. Personal characteristics’
values interpretation

working team [3]. To determine the component fextor
of this factor we used five factor's model of perality

[4, 5], created by Oliver John, through which aefirted
these personalities’ features which make the operat
part of a team making its individuality a workingrp of
common working mechanism. Personal characteristics
are a very important part of the human reliability,

Personal
characteristics (r2)
component factors

Minimum value
(less risk)
Maximum value
(more risk)
Explanation [6]

because although the working environment in any
technology unit is very specific and highly stardized,
the personal characteristics of the people empldged
the process affect the way they behave and pertioem
duties in this limited environment.

The factor has five component factors (known as
Big Five), in relevance with the model of Oliverhio

[6]:

- Neuroticism (N): the degree to which a
person is anxious, irritable, aggressive, tempenaahe
and moody;

- Extraversion (E): the degree to which a
person is nice, tolerant, kind, open and warm teeist

Neurotic people have g
tendency to have emotional
adjustment  problems and
habitually experience stress
and depression.
People very high in
100 | Neuroticism experience j
number of problems at work.
For example, they have troubje
forming and  maintaining
relationships and are less likely
to be someone people go to f
advice [7]

Neuroticism
o

o
=

around,;

- Openness (O): the degree to which a person is
curious, original, intellectual, creative and opgennew
ideas;

- Agreeableness (A): the degree to which a
person is nice, tolerant;sensitive, trusting, kiadd

At its maximum level thess
people are effective managers,
100 | salesman and they demonstrate
inspirational leadershij
behaviord8]

1%

Risk of
Extraversion
o

warm;

- Conscientiousness (C): the degree to which a
person is organized, systematic, punctual, achiemem
oriented and dependable [6]

For the purposes of the study we used the
percentage and graphical representation of peiggnal
according the five factor analysis of personal@stt(Big

People high in openness seeém
to thrive in situations that
require flexibility and learning
100 | new things. They are highl
motivated to learn new skills
and they do well in training
settingq9]

<

Risk of
Openness
o

Five), which can be found at
www.outofservice.com/bigfive/.

The component factors values are chosen from the
interval [0-100], but because of the specific feasuof
the component factors they are interpreted in a way
explained in table 9. Except the first componentda—
Neuroticism, each of the component factors hasebett
meaning with bigger values. Since for delegating th

People who are high in
agreeableness are likeahle
people who get along with
others.  Not  surprisingly,
agreeable people help others| at
work consistently; this helping
behavior does not depend on
their good mood10].

0 | 100

Risk of Agreeablengss

right value, we followed the rule, that as cloststO
means less risk and on the contrary- the closédsttit
100- bigger risk, we turned the tendency of growliryg
adding the words “risk of’. At this way while
interpreting extraversion, which is better, assgs$eser
it is to 100, with the addition “risk of’, we adde
opposite meaning, or closer it is to 0, bettersi{with

less risk).

Conscientious people not only
tend to perform well, but they
also have higher levels of
motivation to perform, lower
levels of turnover, lower levels
of absenteeism, and higher
levels of safety performance at
work [11].

100

Risk of
Conscientiousness
o
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Factorsr; andr, develop the ability of each worker Low control;
to respond to emergency situations and to takesibexs Low level of ergonomic of the
that can prevent or induce disaster. Very high 5 v(\j/orklnkg position, [0,80-

risk ad wor .orgarlnzatlgn 1’00]
3.1.3  Factor 3 (3), Environment Aggressive climate;
Low control,
This is a factor describing the components of the 314 Factor 4 (), Physical State

environment which most affect the performance ofkwo
duties of each worker, the realization or preventid
emergencies. This factor has four component fadhais
aim to describe the influence of all external fasto

depending on workplace organization and managemen

of the work duties, which affect the execution airies
and the implementation of crisis situation. The®e a

- Ergonomics - an indicator of the suitability of the
working place to the job duties;

- Organization of work-how to manage the workflow,
what is the hierarchy of decision-making, which tzad
to or prevent a critical situation

- Climate - physicochemical indicators of
environment, which describe the degree
aggressiveness with which it affects to the perforoe

of the employee- salinity, temperature, noise, pdor
vibration;

- Control - how the worker reports his activities, is he
obliged to report to someone directly, is thereeespn to
verify his decisions or actions, is he allowed #&iket
decisions?

This factor is quality presented, and for the migiand
the maximal values, which it can have are useditgual
levels corresponding to numerical values as shawn i
table 5 (very low, low, medium, high, very high)high
are also converted to the interval [0, 1]- table 10

the
of

Table 10. Quality levels of Environmemg)

Values of
M

Quality

level ofrs Interpretation

High level of ergonomic of the
working position;

Effective work organization;
Not aggressive climate;
High control;

High level of ergonomic of the
working position;

Effective work organization;
Medium/High Aggressive
climate;

High control;

Good level of ergonomic of
the working position;
Good work organization;
Medium/High Aggressive
climate;
Average control,
Low level of ergonomic of the
working position;

Some work organization;
Medium/High Aggressive
climate;

Very low

risk [0-0.20)

[0,20-

Low risk 0,37)

Medium
risk

[0,37-
0,63)

[0,63-

High risk 0,80)
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This is a factor, describing the physical and the
psychological health of the employee. The values ar

{noving in the interval [0-1], as shown in table 11.

Table 11. Physical Statey) interpretation

Values of Qualit
component level of); Explanation
factors 4
Excellent physic
Very low | health;
[0-0,20) risk Excellent
psychological health;
Vey good physic
0.20-037) | Lowrisk | e
ery goo
psychological health;
Average physic
Medium | health;
[0,37-0,63) risk Average/good
psychological health;
Not good physic
S health;
[0,63-0,80) High risk Average/good
psychological health;
. Poor physical health;
[0,80-1,00] Veﬁ/s:z'gh Average/bad
psychological health;

The maximal and minimal values of this factor are
facing the.

3.15 Factor 5 (§), Behavior

This factor consists of two component factors-
alcohol abuse and stimulant’'s usage.

The values of the component factors are moving in
the interval [0-100]. The interpretation is relateith the
percentage of the presence of this factor in thrsque
For example in there is a person, who rarely usehal,
he will receive value-5 (5 % of presence of thistda in
this person’s physical profile), on the contrarwié have
someone, who drinks every weekend, he will receive
value - 70 (70 % of presence of this factor in this
person’s physical profile).

The graphical representation of the model (Fig.1)
gives visibility and clarity of the connection beten
basic and component factors:
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[—| —| work organization

ek —| climate

control

Figure 1 Graphic presentation of the model

for integrated risk assessment

4, RESULTSAND DISCUSSION

The mathematical model is applied to employees in

four business and production areas, suggestingrdift
responsibilities, environment and
physicochemical parameters, in the field of oilimfg,
glass manufacturing and maintenance, sale andcservi
of agricultural machinery, gas station. The bdaators

types of

are five. The component factors have almost equal

weights.

The obtained results will be converted to a numeric

job

scale at the range from 0 to 1, where the lowevesl
indicate low risk and high human reliability andghi
values - high risk and low human reliability.

We have studied more than 50 employees in .. Integrated
Bulgaria. Here we present the results of two ofnthe
working in same production area. Our task is testiate

how their personal and professional profile can be
assessed by the created mathematical model and afte,,| ™Meoherasceon | g

receiving a quantify assessment of the integrélirdex

and then of the human reliability to compare the

employees and to make the relevant conclusions.
Background Installation for processing of oil
products, launched in 2010 for the production @&igun

accordance with the European environmental stasdard

Low levels of odor and vibrations. Average noiseele
Not aggressive environment. The work requires piaysi

67

strength, because it includes climbing at a heihd
meters. The surveyed jobs positions have the saws |
of control because people, working at them are leigua
terms of responsibilities and duties operators #rel
performance of their duties shall be verified blysa of
people - a senior operator, a head of installa@ohead
of production, chief engineer.

4.1 Casel

Background: 54 years old operator in a refinery.
He has 31 years of experience in the refinery, he
graduated from a college of chemistry, he has no
additional qualifications or courses taken, buhhe vast
skills because of his long working experience ie th
refinery as an operator, responsible for threeeasfit
installations. He is very serious smoker, he smdkes
30 years now.

Table 12. Basic and component factors
values for Case 1

Bask Fachrs Component BoBre Quantiitve a5 sessmant oT e

| The
[working
s nviron mant
Eronom
Wk organEzzton
cimaz
corral

- Nomm Iz
Explnaton .

Low risk , new Instalstion 0.2]

Four lvelk of CoNtiD| 3ner me ope@wor 0.2]

LOW sk DM Me Sumounding emvimnment 0.3]

Need I seMous oMol Decause ofthe Bw mat 0.4

1 Aggregats valus of ths basic fastor 027
Phy shoal stab

PEicnoDgicainea m L] [ F] o 1 N eXCEIE Nt P N 0l0 g Cal Rea 02]

PREiC3InEam L o4 Q 1 NofexcelBnishape because of e age 0.4

1 Aggregats vaius of the basie tactor 03]

Eahavior
Abnrol sz a5 10 [ 00 |Used shoomoirmy LX)
StmuEnTs image 05 | s [ W0 Sedus smoker [H
1 Aggragats valus of the basic factor [H

Parscnal

charsctanistios
Risk 07 Openess
Risk 07 Consslerfiousness
Risk ofenEverzin
NeurozEm
Rigk 07 3gRea0 RN

10 |Opentn ofes person [X]
W0 Vey Corsslentousiess 0z
w0 [Extoven 02
W0 Remred 2n cam 0.1
10 |Does 2gRe W omErE0pion 08
1 Agpragats valus of the basis Tactor 023

M
H

Profassional
characteristics
Qualficaton 04 [ 04 [ 1 |Colkge sdusafion (ot unhersty education| 04
Experence CERIE] ] 1 vasipmeicalexperence 0.1
e 05 | o1 [] 1 vampmmca sl 0.1
1 Aggragats valus of the basis Tactor

Table 13. Integral risk indefor Case 1

Input:

Integral risk index Results assessment

MNumber of the basic factors 5 0,26
. MNumber of
I D factors from Aggregalle Weighted value
e (current) value
1| Profe ssional characteristics 033 3 022 007
2| Personal characteristics 027 ] 0.28 007
3| Working e mironment 020 4 0.27 0.05
4| Physical state 013 2 0.30 004
5| Behavior 007 2 0.30 002
1

Figure 2 Graphic presentation of the factors
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Table 14. Basic and component factors values

T for Case 2
Professional 7

characteristics asis Fastors I sz |

&
Finial 7

N Current

weignt | Surer

Sxwmnstan -

oG
|enviranme nt

oz | oz o 1
ozs | oz o £
CEC R Y] 3 i)
oz | o4 e T

Low rik, new Insmiston oz|

Personal
characteristics

=

Prysioa: state
Prchoiogical neatty oz | oz o 1 Immselentpsicroisgical neaits 02|

Primicaineaim o= | oz o 4 Ewmwemanace oz|
‘Apamasts vaius of the Bas i motor oz|

5 —

Working
environment E— os | s o [ ——

i Agarmasl

Aimnonise Dossnotuse aconsl oten 0.08]

Porscnal
cnamoteristios
e

Physical state

0
BNRnE

—_——

S
(@umitcason T —— 3

’ ey 53 | oa

Behavior =5 R a—1 i

il Aoarmasks value of the bazke fotor 5.38|

N I
=

T T T T
0.00 0.02 0.04 0.06 0.08

Table 15. Integral risk index for Case 2

Figure 3 Graphic presentation of the factors

Input:
) . L syt
The graphical representation of the factors allagis ™™= i Results  —
to identify the factors with the highest risk for a | . . s o

particular worker which should currently be mongtgr

. . . Number of
and evaluated. For the sake of developing of thltri | | Taectwetsscous |{etelle | mausion | | S0050, | wehed e
. 2 Secol el
conditions for an employee to develop and to evelee _
. . 1| Profe ssional characteristics 033 3 0.49 016
recommend this assessment every six months and th: [“z|Fesonsl carecierisics 027 5 0.60 016
results would show how the factors are developing- [jpameniomet T : o e
increasing or decreasing in time. 5{Benaor ot 2 018 oot
Recognition of the level of the integral risk index
(Case 1)
Recognition of the level of the integral risk index -
Level Very low Low Medium |High Very high Professional 6
characteristics
0,26 ]
. Personal 16
Human reliability assessment: characteristics|
HR =1 -R; Working 5
HR - 1 _ 0’26 enwronmenti
HR = 0,74 Physical state &
The received result of the assessment of the human Behavior 1
reliability of the operator 0.74 means high-human
reliability and the obtained value of the integrak 000002 004 006 008 010 012 0.14 016 0.18

index 0.26 places this person at the low-risk zdiese

results mean that this operator is evaluated asrsop Figure 4 Graphic presentation of the factors
with a low risk of errors and very reliable in ldgect
actions. Recognition of the level of the integral risk index
(Case 2)
4.2 Case 2 Recognition of the level of the integral risk index
Level Very low Low Medium |High Very high

Background: Operator at the same working

position as Case 1, at the age of 28 years. Hehnes o.M
years of experience in the refinery, but he grashiat Human reliability assessment:
from a Technical University in specialty "Oil anch& HR=1 -Ry

with honors, and also completed postgraduate trgiimi HR=1-0,41

this specialty for the acquisition of practicalllskiHe is HR = 0,59

nonsmoker and he goes to the gym every evening.
The received result of the assessment of the human
reliability of the operator 0.588 means medium lexfe

68
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human reliability and the obtained value of thegnal as a number. This allows including of quantifiable
risk index- 0.412 places this person at the mediome factors if needed.
of risk. These results means that this operator is Due to its numeric expression the developed
evaluated as a person who is more likely then ifs¢ f mathematical model allows simple comparison, which
evaluated (Case 1) to admit mistakes mostly bectnigsse make it objective and easily applicable.
lack of practical experience and because of thcati
potential of the examined production this can leathe 6. VERIFICATION
realization of an accident of different scale.
The mathematical model was verified as useful and

4.3 General conclusion correct by the feedback we have from some of the

evaluated people. The aim was to connect the result

The research we done, based on the developereceived by the model with the real profesionafifg@f

mathematical model of two operators show different the person.

values of human reliability. In Case 1 there isifdees The problem here was the fact that in many of the
influence of the long, practical experience and the cases, where there was a human error, relatedlovith
appropriate for this operator’s duties and respmlitis level of human reliability, which subsequently fedan

personal characteristics, while in Case 2 the pesit accident, no one of the people involved felt freestare
influence comes from the theoretical basis, horzord this with us.

course of qualification. The overall result, howeve Nevertheless, by the information we gathered after
shows a lower value of the integral risk index@ase 1  the study we can make a strong paralel betweehitfe
and accordingly a higher assessment of humarlevel of human reliability anf the low number of

reliability. accidents in the production. If the model is impésrted
in the production’s plant activities and the emgley are
5. CONCLUSIONS examined on every six months, this would make quite

clear feedback on the relevance of the assessment a
The developed mathematical model for the the real situation, which can cause risk of differgcale.

determination of integral risk index based on thethnd This would undoubtfully point the weak points in
Linear combination of private criteria (LCPC) arftet  every one’s performance of the work duties and give
hierarchical model of five basic and their compdrrésk possibility for their overcoming with less effordsd
factors enables a risk expert, while assessingtieeall less investments.

risk to include in it human reliability assessmdnt

focusing on specific criteria (basic factors), ngme 7. ACKNOWLEDGEMENTS
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TMODEL OF PROCESS OF PORT INFRASTRUCTURE SAFETY MANAGEMENT
Evgeniy Rudenko

Odessa National Maritime University, emails.rudenko@gmail.com

Abstract: The article presents a model of process of pomagtfucture safety management, based on proactive
approach, which is defined as an activity, directed maintenance and improvement of the future stdtgort
infrastructure safety. Model is directly relatectihe adoption of project decisions, because pravide concordance of
the put aims and chosen strategies through thalization. Proactive management is one of the hadnciples of port
infrastructure safety management, laid down inpgheposed model. Proactive approach to port infuatire safety
management involves planning strategy of this #gtiby formation of a portfolio of projects thattdeve strategic
objectives of port safety improvement program. Begal model of port infrastructure safety managenadioivs
effectively manage the current state of port infitagure safety through measures aimed primarilyeducing the
probability of an emergency, as well as to foreeamst evaluate the future state of port infrastmecgafety with regard
to its development.

Key words: acceptable risk, port infrastructure, risk assesgnsafety, proactive approach.

1. INTRODUCTION level of safety seaport water area and territoryiten
infrastructure, as well as on ships handled apthre. In
Lately in most countries of the world community for addition, the program contains the groups of tezdini
risk management, and consequently, eventually forand organizational projects, aimed at improvingesaf
safety management adopted the concept of ALARA - asTechnical projects include work on the maintenaawce
low as risk acceptable, allowing to use the prilecifto repair of the port facilities, implementation of
foresee and prevent" [1]. progressive processing echnology of ships, etc.
Therefore one of the basic principles of port Organizational projects include retraining and aubesl
infrastructure safety management, laid down in the training of specialists in the field of safety or
proposed model, is the principle of proactive reorganization some management structures.
management. It is known that the difference between It is necessary to consider a condition, on whigh t
classic (reactive) principle of management and giroa budget of project appears less, than decreasiniglobf
management consists in the following [2]. The psgo an accident as a result of realization of this grb[3-6].

of the first is to react on incidents and prevemgirt The general mission of such program can be
recurrence. The purpose of the second is to forasde formulated as follows: «Providing of the use of lsuc
prevent their origin. In relation to port infrastture level of specialists on safety use of such orgaianal
safety management this principle means: and technological schemes on seaport water area and

1. «Proactive» management of current state of portterritory such level of port infrastructure safedy,which
infrastructure safety through measures directed,the risk of an accident as a result of any prodess not
above all things, at reducing the probability of an exceed an acceptable level».
emergency situation.
2. Prediction and assessment of the future ptate 2. THE BASIC MATERIAL

infrastructure safety taking into account its depahent.
The second base principle, laid down in the offered ~ The proposed model of process of port infrastractur

model, is the use of program-oriented approach. management safety includes 6 stages and is presente
According to the generally accepted definition, the Figure 1.

program — is an organic combination of a group of

related projects and processes aimed at achieviag t Stage 1. Estimation of technical state of port
overall mission of the program. Thus, the prograith w infrastructure objects.

include the processes of monitoring and controthef
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Safety of seaport infrastructure defines a propefty
infrastructure to be safe or have an acceptablel lef/
safety for port production processes, environmert a
population.

All port infrastructure objects on the level ofkis
technical complexity, potential danger and funciion
significance can be divided into the following gaiges:

— objects of technical regulation;
— dangerous production objects;
— critically important objects.

The function of the strategic planning in a proaeti

management is defined as activity,

directed on

maintenance and improvement of the future state of
safety of port infrastructure objects. It has dirattitude
toward acceptance of project decisions, becausgda®

the concordance of the put aims and chosen stegtegi
through their realization [3]. It should be keptrmnd
that as a result of port production processes pignis
predicted not only change the safety settings of
infrastructure, but also planned financial incomenf
port charges, which should be the economic basis of
implementation of projects for improving safety the
port.

{ Estimation of
[ technical state of
| portinfrastructure

/ .
Formationof ™ N

architecture of
consolidated
program of port
\ infrastructure
\ safety
%, management
Vs

. -

objects

Estimation of risks
‘ of port production
\ processes

— o o o

Maintaining and
improving port
infrastructure safety

Forming and [
management of 2 ‘
projects portfolio

Adoption of
acceptable risk
level

("' Updating
database of safety
measures

Figure 1 Model of process of port infrastructuaéety management

The planned increase of port infrastructure safety hazards are identified, risk amount analysis igiedr
must be oriented to the long-term, medium-term andout, which is compared (when estimating) to the set
short-term prospects. It identifies the main dimtd threshold values, determined by risk criteria.
connected with a reduction in accidents of port Risk analysis during realization of measures, their
operations in the production of port perspective estimation and comparing to the possible leveld wil
development. By means of the strategic planning areenable grounded, with the use of quantitative iedexo
made decisions about what primary purposes aragusi make decision about admission or, vice versa,
what strategy and what term they must be realized i impermissibility of realization of one or anothepjects,

about direction of their improvements and adjustisien

Stage 2. Estimation of risks of port production leading to risk reduction.
processes. It is known that risk assessment is a process that

includes identification, analysis and comparativek r

The base stage that allows to form strategy of portassessment [1]. The risk of port production proeessn
infrastructure safety management is the stage ofbe estimated, using different methods of risk assest
production processes risk estimation. At this stage][1,6].
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The objectives of risk assessment are:
receiving reliable baseline information;
carrying out the necessary analysis;
making reasonable decisions in
estimation;

forming of basic data for the further choice
of optimal solutions for risk treatment.

risk

practical work and technical service in
relation to safety performance.

At the stage of decommissioning (or
commissioning) the purpose of risk analysis can be:
hazards identification and assessment of
their impact;
providing information for

development or

The stage of risk assessment includes the followingclarification of instructions for

procedures:

risk analysis;
risk evaluation.

decommissioning (or commissioning).
After the risk assessment is made a decision about
acceptance or rejection of risk. If a risk is notepted,

Risk analysis, in same queue, consists of theits treatment is carried out in order to decrese i

following steps:

determination of application domain;
risk identification;

risk amount estimation.

The main component of risk assessment stage is the

procedure of risk analysis, which occupies a specia
place in the risk management process and deterrttires
efficiency of risk decreasing.

On the different stages of life cycle of port
infrastructure specific objectives of risk analysiay
vary. At the stage of pre-project works or plannthg
purpose of risk analysis can be:
hazards identification and risk amount
estimation in view of influencing factors on
personnel, population, material objects, the
environment;
consideration results when analyzing the
acceptability of proposed solutions and
making wise choices for equipment or
facility placement, taking into account the
local environment;
providing information for development
instructions, technological regulations and
plans of liquidation of near-accidents;

proposals.

At the stage of operation and reconstruction ot por
infrastructure objects the purpose of risk analgais be:
comparison of the conditions of facility
operation with the respective safety
requirements;
clarification of information about the basic
hazards;
development of recommendations on the
justification  or  modify  regulatory
requirements, on questions of licensing,
determining the frequency of audits, safety,
etc.;
improvement of operation and maintenance
manuals and plans for localization of
hazards;
assessment of the effect of changes in
organizational structure, methods of

73

assessment of various engineering design

In assessing the effectiveness of planned actvitie
ensure port infrastructure safety it is necessaryake
into account the following:
prediction of unfavorable events, scientific
substantiation of risk assessment during
implementation of the planned activities,
both each of them separately and integrally;
estimates of critical (unacceptable) risks
scientific substantiation;
setting of levels of possible (acceptable)
risks which are accepted by management
expertly or directively, based on the
assigned task;
management of technical and technological
development taking into account safety
requirements by risk criteria.

Risk analysis during implementation of measures,
their evaluation and comparison with the permissibl
levels will enable reasonably, using quantitative
indicators to decide on the admissibility or, vieersa,
the inadmissibility of the realization of these jexis,
about the direction of their improvements and
adjustments, leading to risk decreasing.

To improve the safety and efficiency of port
infrastructure should be formed a portfolio of ais or
program to reduce risk with certain expenses, d#ipgn
on the risk value.

During the analysis of functional safety of port
infrastructure facilities should be considered btk
generally accepted scenarios (optimistic, inertaid
pessimistic) and followings scenarios:
object functioning under normal conditions
(ordinary situations);
object functioning  with  maximum
deviations from normal conditions with
return to the initial state;
object functioning with deviations from

normal conditions, caused by "beyond
design basis situations” when made
decisions need to be revised, stopping

realization of measures or processes, with
transition to a new state with the set level
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of vulnerability (resistance to unfavorable Thus, measure aimed at improving the safety of
events); transport process, characterized by the following
object functioning in hypothetical conditions with properties:
unfavorable events, developing the most worst (eav - presence of purpose - despite the fact that
embodiments with unforeseen factors of initiativhjch any measure aimed at reducing the risks of
do not allow to implement measures or activitidatesl loss in case of accidents, each of them has a
to the functioning of the object. certain technical or organizational purpose;
Risk value evaluation includes analysis of freqyenc - uniqueness - every measure is developed
(or probability) of an emergency at port infrastire for a specific transport process in a
object. In literature represented a large number of particular port;
methods of analysis and evaluation of risks. Choica - limitation in time - efficiency and
particular method is performed on the basis of the effectiveness of measures directly related
features of technological processes and equipment, to the timing of their implementation, so it
implemented at the facility. is important to solve tasks of safety
providing in the shortest time.
Stage 3. Adoption of acceptable risk level. Consequently, to the measures aimed at improving

port infrastructure safety, are inherent basic progs
Activities of marine administration on providing that are typical for concept of project [6]. These
safety on the territory and seaport water arealdho®@  measures regulated by the port authority and aieted
directed at making potential risks of production improving of port infrastructure safety in theiery
processes in the port below the level of acceptabhs,  essence are projects. Thus, it is necessary toy appl
which are normalized in advance, on the basis of amethods and models of effective management develope
common strategy for port development, taking into in project management, in the implementation of
account the expected final economic effect. measures aimed at improving port infrastructuretyaf

Acceptable risks levels are determined and assigned7]. Use of the best project management practicéls w
by seaport administration according to a balance ofgjiow:

scientific and technical capabilites and economic —  to increase the effectiveness of measures
feasibility. aimed at improving of port infrastructure
_ safety,
Stage 4. Updating database of safety measures. - to provide more rapid realization of
measures;

Actualization of base of measures on safety is
carried out in the branches of administration ofinea
ports of Ukraine. In general case, structure of @ddtout
a model measure, directed on the increase of safety

objects of port infrastructure described the follogy safety will understand such project which includeset

corteged: 0 datab ¢ saf . - of measures of organizational and technical charact
Updating database of safety measures is carried OUljirected at reducing quantitative estimations ek rof

in the branches of seaport administration. In geinée occurrence of accidents at the facility and redydime

data structure of typical measure aimed at Impigvin negative impact of their consequences. This concept
port infrastructure safety described by the follogvi  gaisfies the basic rules of logic definitions [8].

cortege: A project of increase of safety has the following
similar with any other project signs [9]:

— objective should be achieved with
simultaneous implementation of all
technical and environmental standards;

— certain deadlines (start and finish);

— to reduce costs and improve a commercial
component of works in the plan of
measures for providing port safety .

Under the project of increase of port infrastruetur

MP =<B, P, A,E>,

whereB — the set of factors, indicating the necessity
of measure implementation;

P — the set of parameters describing the problem,
which include a reference to the requirements tésiu

regulations and standards for the safety, a refer¢a =~ set financial, material, information and
the international recommendations and detailed human resources (the allocated resources);
description of the problem; - measures and actions needed to achieve the
A — the set of characteristics that describe comdiuct . objective. .
measure, conceptual description of measure; Differences of this type of project from others are
E — the set of factors describing the existing €xPressed in the following: o
experience and the available solutions on thislprob — project objective function is not always
associated with profit received from the
project;
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clear orientation - all without exception
safety improve projects are directed on
improving the environment and protecting
port personnel;
specificity of control of projects results by
government and public, which necessitates
organization of information support of
complex projects with lighting project
progress in the press and on television.
Reasons for initiation of projects of port
infrastructure safety improvement can be [10]:
requirements of norms, regulations and
standards for safe operation of production
facilities;
international recommendations (IMO, etc);
safety analysis results;
demands / requirements
supervisory authorities;
accumulated experience.

of national

Stage 5. Forming and management of a projects
portfolio.

Proposed in the concept proactive approach to port

infrastructure safety management involves planning
strategy of this activity by formation of a porifolof
projects that achieve strategic objectives of zafety
improvement program. For each port production
operation taking place using port infrastructursdad on
the work of an expert committee forms a set of guty -

a portfolio that allows reduce the rate of an erapcy
state for each factor of risk.

At each port simultaneously is realized a set of
projects to ensure the safety of that infrastruectur
facilities, which is advisable to manage using rodth
and models of portfolio management [11-14].

Define this portfolio as a set of projects and othe
works joined together with the purpose of efficient
management these work for achieving the objectiwves
implementation of safety requirements.

Analysis of specificity of project portfolio
management and the possibility of using known
management mechanisms allow to conclude that actua
is solving the following tasks of theoretical prcije
portfolio management;
evaluation of projects in terms of achieving
the strategic objectives;
formation of an effective project portfolio;
planning of the implementation of a
portfolio of projects, taking into account
the possibilities of optimization of financial
flows;
allocation of organization resources
between the projects of a portfolio;
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operative management of a projects
portfolio taking into account changing of
external conditions and objectives.

Stage 6. Formation of architecture of consolidated
program of port infrastructure safety management.

Architecture of consolidated program of port
infrastructure safety management is formed as afset
portfolios for individual ports, integrated in aogram
having the required functionality and appropriate
flexibility that is arranged to changes in surroings.
Architecture Management includes structuring of
developed program, monitoring implementation of
activities under the program, implementation of its
functionality, creation for the subsystems of thhegoam
vision of the future desired state in order to obthe
values of the program.

Consolidated program design when constructing of
its architecture should not only involve an effeeti
response to the program changes in surroundings, bu
also be characterized by a certain innovation aaklenit
to the missions of the program. At a program deslign
followings five steps will be realized:

1) binding of program scenarios with the processes
outlined in the strategy of its implementation;

2) development of models applied for use in
projects;

3) forming of necessary administrative structures;

4) identify functions for each structure element;

5) providing of program capacity.

These steps determine the sequence of consolidated
program architecture designing, the implementatién
its creative mission, program development functiangd
interactions of projects components from the soféwa
life cycle position. The need for long-term managein
of program worth and worth of its life cycle deténes
the main reason why the program design and
management of its architecture are appropriate.

The structure of the consolidated public safety
management program includes all approved port
infrastructure projects portfolios of individual & as

ell as major projects, which are centralized maxag
or all ports of Ukraine.
3. CONCLUSION
Developed a model of port infrastructure safety
management based on a proactive approach thatsallow
effectively manage the current state of port irtftagure
safety through measures aimed primarily at redutiieg
probability of an emergency, as well as to forecasl
evaluate the future state of port infrastructurfetyawith
regard to its development.
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UTILIZATION OF RESOURCES ON TECHNO-NAUTICAL SERVICESBY
DEVELOPING A DYNAMIC SIMULATION MODEL: AN APPLICATION ON THE
PILOTAGE SERVICE IN ISTANBUL STRAIT

Lect. Capt. Emre Ucan', Assoc. Prof. Dr. Selcuk Nas”

12Dokuz Eylul University Maritime Faculty, Izmir, Tkey

Abstract: In Turkey, techno-nautical services’ principles aetermined in Port Regulations prepared by Turkish
Transportation, Maritime Affairs and Communicatidfinistry. But the principles are set mostly empmitlg or
experience based. This study helps decision-maleisstakeholders for the correct utilization oforegses on techno-
nautical services by developing a dynamic simutatiwodel. For this purpose, the pilotage servicerilyn has been
developed according to structured interviews witbtp, with statistical data of Traffic in Bosporasd all rules and
regulations in effect on the waterway. It is foumat that by the designed algorithm, it is possifolenake correct
decision about the required human resource asspdeén in a complex system as in Istanbul Straitd Aue to
dynamic nature of algorithm with application of silation software different scenarios can be evalligasily.

Key words. techno-nautical services, marine pilot, algorithm

1. INTRODUCTION be used in a dynamic simulation model for optiniaat
Even then normally such optimizations are mainlydaa

Techno-Nautical services are key factors for safety on the cost of the operations [However, in this study

of maritime transportation. Due to their expensarel the major aim of the application was the safetyraffic

critical nature such a complex resource must Hezedi in Bosporus Strait. To this end, the fatigue elenoénhe

optimally under in any situation. Optimum utilizati of maritime pilots is taken into consideration [5]. tBu

resources is always a challenge for decision makeds  because the study is based on fatigue of the pilstsall

it is also a well-accepted fact that the authanibymally be the most cost efficient way for the relevant

makes its decision on utilization of resources eivglly organizations nonetheless.
or when such a decision has to be given due torappa
faults in systems which is feed backed by stakddrsl 2.2 Importance of Istanbul Strait
But in this information age nearly all complex
systems can be formatted such that a scientifiésidec Istanbul Strait is also called Bosporus. It is dlwe

might be predicted before the circumstances resjsce known and highly busy waterway which connects Black
One way of accomplishing such a task is creating aSea and Marmara Sea which leads to Aegean aneiffarth
simulation model of said system [2]. To create lmiée into Oceans. It is 17 nm long strait and one of nist
simulation model a good algorithm must have been dangerous waterways to pass through as a ship teeds
written. To create a good algorithm all inputs ystem alter her course at least 12 times with the shatpes of
must be evaluated and the problem should be well-45°-80° at Kandilli Peninsula while always struggling
specified. Also an algorithm must be correct and with ever changing surface currents which may gdaoup

efficient and if possible easy to implement [3]. 6 knots because of the geographical shape and
environmental conditions of the Bosporus [4].

2. OBJECTIVE The safety of Istanbul Strait is great concern for
Turkey as Bosporus directly divides the country’s

2.1 Objective, cost or safety biggest city in half but also all Black Sea cousgdricare

for it because it is the only open waterway forntht
This study is born by the authors’ amazement whentrade by seaway. Due to its utter importance reguia
they have found that the utilization of techno-mzait governing the Istanbul Strait always become an
resources especially the pilots’ utilization is daoted international issue. After the Ottoman Empire dexdiin
by empirical decisions. power in World War |, three consecutive internagion
It is clear that an algorithm might be designed to treaties signed internationally about the Stralksoaer
mirror the traffic in Strait and thus that algorithmight ruling the previous one, Treaty of Sevres (1920),

77



] &

ISSN 1844-6116 http://www.cmu-edu jentée

Journal of Marine technology and Environment  Y2@it5, VVol. 1 s====

Lausanne (1923) and Convention of Montreux(1936). pilots this training means cadet pilot should atten
Even today Bosporus is governed by regulationsnie | transit manoeuvres of at least 160 vessels abavgdd0
with Convention of Montreux and not according to GRT for more than 4 months period if possible eyenl

UNCLAS unlike other similar waterways. distributed from both ways of passage. This trajraiso
includes some attendance to tugs and VTS stations.
2.3 Importance of pilotage service in Istanbul &tra After that if training found satisfactory cadetqil

should take a written and oral exam prepared by

Due to Montreux Convention, it is not possible to authority. If all goes well, cadet pilot can be eygied as
force pilots to ships using Bosporus. Under Section a junior pilot for 4 years duration where he isited to
Merchant Vessels, Article 2 of Convention, it isted handle the ships below 20000 GRT [6].
that in time of peace, merchant ships shall enjoy As can be seen from above regulations, Bosporus
complete freedom of transit and navigation with any Pilots are highly trained individuals with great
kind of cargo, without any formalities. Pilotagedan experience. But also due to this factor, utilizataf this
towage remain optional. This article is in the cemon resource is extremely important as it is not pdssib
for the safe and free passage through straits bghaet employ any mariner as a pilot in a whim.
ships.

But after years passed and Bosporus traffic ever2.5 Fatigue and marine pilots
become more populated by transit vessels and inland
traffic gets more and more busy due to the most It is a well known fact that fatigue interferes hwit

populated city of Turkey enveloping the Strait,sthi concentration of marine pilots. Especially sleep
article became a great problem for the safety ef th deprivation is found a major factor of fatigue. Tigb
Bosporus itself. Statistically 93 % of ships invadvin most pilots claim that fatigue is not a major canci
accidents in Bosporus between 1982 and 2003 wereheir job due to fatigue management procedurés ailso
without pilots [5]. And normally nearly all accidsnin apparent that due to commercial pressure of thenéss
Bosporus resulted in delays in transit traffic doea and maybe, due to lack of sufficient number of fgilo
closed Strait while rescue operations taking pl&zee pilots might find themselves in fatigue conditioroma
of the most infamous accident of such kind was thethan they want to admit. Even though there arerobnt
Independenta Tanker burning (1979) in the Bosporusprocedures to prevent these kinds of situationgnaga
resulting crew loss and huge environmental poliutio commercial pressure might be too hard to avoid [7].
and delay in transit.

3. METHODOLOGY
24 Pilots in Istanbul Strait

3.1 Designing an Algorithm

Pilots in Istanbul Strait are employed by Republic

of Turkey, Ministry of Transport, Maritime Affairand To design an algorithm the question must be known
Communications, Directorate General of Coastal tafe well. This study’s question is “If ship traffic gredicted
(KEGM). Pilots are employed according to correctly, how many pilots will be sufficient forafe
“Competence, training certification and working transit in Istanbul Strait in any given time acdogdto
procedures regulations” published by the mentioned pilots’ rest periods?”

Ministry [6]. Then inputs must be known. Here inputs might be
In this regulation in Article 5, Turkish Straits’ summarized as below:
Pilots are differentiated from harbour pilots andoa e Ships’ arriving rate to Bosporus;
classified as junior and senior pilots based on « Probability of a ship to request the optional
experience. pilotage service;
Requirements to be a Turkish Straits’ Pilot are: « Any regulations forcing ships to behave
e Being a Turkish Citizen; particular way;
Being legally clear to be a civil servant; « Bosporus traffic regime at the moment;
* Being a master mariner with at least 1 year of « Pilot stations;
experience and graduated from a university; « Pilot rest hours;
» Being healthy according to seamen standards; Pilot on duty times.
* Being a fluent speaker; +  Duration of a voyage through strait
» Being successfully completed the basic pilot Then the output of this algorithm must be
training. evaluated. The output will be the resting timesttod

Even then the pilot becomes a cadet pilot and shallpilots in this study. But lots of other statisticdta can
work in a pilotage organization with a senior piloid  be analysed like waiting time of ships for pilaserage
records his achievements in a cadet book to représe  passing times, if requesting pilot shortens thesitaime
harbour master at the end of its training. For Sieit etc. Anyway those data is out of scope of the stilithe
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algorithm designed here can be used in any sinomlati Trafic should have been scheduled and safety messur
software and optimizations can be calculated taken can not be interpreted as restrictions om fre
accordingly. Due to changing nature of inputs of th passage [10]. It should be noted that Turkish Gobast
Bosporus, created simulation model will be also a Safety General Directorate classifies vessels fiiereint

discrete and dynamic simulation. groups to schedule the transit passage of vesHetse
In this paper a pseudocode is created as an digorit types can be described as follows:
so it will be easy to understand by humans ancaif be - MPR :Passanger, Yachts, canli hayvan
replicated with success with any number of - NAV : Military
programming languages [8]. Ships other than Tankers without IMDG Cargo
Also algorithm is optimized to calculate the regtin - G12 : Ships shorter than 150 meters
periods of pilots according to on duty pilot nunger - G3 : Ships between 150 — 200 meters
Even though other factors can change rest peribtlseo - G4 : Ships between 200 — 250 meters
pilots, according to interviews with stakeholdethen - G5 : Ships longer than 250 meters
methods will be hard to implement and unpractical. Tankers and other ships carrying IMDG Cargo
- T12 : Ships shorter than 150 meters
3.2 Gathering Data - T3 : Ships between 150 — 200 meters

- T2,5 :Shipslonger than 200 meters
The data for the algorithm is gathered from various Towed Ships
resources. For example the arrival spread of tigs b - Ships larger than 300 meters.
Bosporus is gathered from KEGM's statistical dafa o According to KEGM's application procedures
2010 and 2011. Samples are used to analyse thalarri MPR and NAV have priority over other vessels. G8, T
spread of the ships from North to South and viosaie T5, Towed vessels, Ships larger than 300 meters can
Even though a regular spread could not be achievedonly pass Strait in day light conditions. Tankersd a
according to chi square tests, the least squacr &sr IMDG cargo carrying vessels have lower priority as
achieved by using exponential spread, this analyse safety conditions are re examined for passage. So a
computed by Rockwell, Arena Input Analyser V10. Low tentative scheduling can be determined as follows;
chi square test results means might be interprétatd MPR=NAV>G12>G3>G4>G5>T12>T3>T2,5>Towed
there are far too many variables affecting thet firs Of course day time and night time passage will
contact report times of ships to be accepted asshift according to the requirements of only dayhiig
exponential spread. But as shown in figure 1 spisad passage vessels and scheduling must be reorganized
closely resembles an exponential curve and exp@hent accordingly. It must be remembered that vessetgetar
spreads commonly used for arrival intervals. Thmuthis than 300 meters requires special permission titrttre
study exponential spread is used for arrival timethe Strait.
ships. In following table statistical data about the Istah
Strait for years 2010 and 2011 has been analyzéiddo
N K out the frequency of these types of vessels for the
creation of model. So it is noted that some typés o
vessels transit the Strait extremely rare and niodebf
such vessels will not contribute to the model & $isope
of analyze of pilot fatigue, because such vesselsally
stops the Strait traffic causing a long rest pefardbther
pilots not onboard the vessel. For example vessals

Figure 1 Visual familiarity between ships arrival 300 meters long are in these category and G5 \eeasel
times from N to S and S to N and exponential spread €xtremely rare.

According to these analyses from 100690 sample Table 1. Frequency of Vessel Types Transiting
data, for arrival intervals from North to South Istanbul Strait at 2010&2011
exponential spread of 20.7 and for South to North
exponential spread of 20.5 is computed. Type opsshi South to North | North to Sout
also calculated from this data. But before thathibuld Al Freq. Al Freq.

be considered what types of ships need to be eealua MPR 585 | 1,16] 591 118

for a scheduling algorithm. NAV 96 0,19 104 0,21
There are studies about the scheduling problem of G12 32886| 65,38 32728 65,07

the Istanbul Stra[B]. Because, due to safety concerns, it G3 5874 | 1168 5966 1186

is not pracucal to open the .Str_a|t to }‘ree pgssﬁgidmps o 554 1.10 588 117
any time even though it is written in Montreux
convention which is still in effect in Turkish Sits G5 6 0,01 6 0,01
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T12 5163 | 10,27 5345 10,68

T3 4463 8,87 4417 8,78

T4-5 670 1,33 648 1,29
TOTAL | 50297 100 50393 100

Source: KEGM Statistical Data

After the scheduling algorithm, another important
part of the model is the Strait pilot working catims.
To gather this data, structured interviews havenbee
completed with Strait pilots.

And final transit times are important as it actyall
shows that pilot is on-board the vessel and working

Vessel transit times are subject to great change du
to lots of external factors and analyse of KEGMadat
points out there is not an optimum spread for passi
times. Thus average time for ship type is taketraassit
times of vessels.

As it can be seen from below table 2 average transi
from South to North takes considerable more dumatio
(apprx. 26 %) than the passage from North to Solttk.
main reason of this phenomenon is the southerliaser

The most important analyses of these interviews cyrrents affecting the Istanbul Strait under normal

can be submitted as follows:

There are two pilot stations in Istanbul Strait.
One is located at South and other is at North sog@f
Strait;

One shift of pilot consists of 23 pilots;

Pilots arrive their 48 hours shift at south pilot
station. Rest 96 hours after each shift and dteit shift
“well rested” according to their perception;

Strait traffic is one way due to safety
precautions of KEGM and Turkish government;

Due to one way traffic, there is a transportation
problem between south and north pilot stations;

This problem is generally solved by a dedicated
service boat for pilot transfer and generally 8otsil
transferred with each service. (This number mawttye
vary but 8 people is average);

Pilot transfer generally completed between 45
minutes to 1 hour;

There are other possible ways for transporting
pilots when need is immediate or need requiresnacfe
pilots, but they are uncommon and not convenient an
usually takes more time due to land traffic conigest
(Mini-bus, taxi etc.);

hour, 7 when Strait is congested. (According to REG
statistical data approximately 1 vessel per 8 neisu)if
One way traffic changes direction in rough 12
hours periods but also subject to lots of other
considerations as available pilots, ship numbegueue,
weather or other conditions;
It takes approximately 15 minutes for a pilot to
board a vessel from pilot station and nearly 15utds
disembark from a ship and arrive to pilot station.

There are some special points analysed from abov
declarations. It is clear that 2 models must beukited
as one from south to north and other from nortbatath.
But there is only 1 resource available and it tarbul
Strait. Real limitation of Strait is follow dista&c
between ships though in practice a time limit isduas
rule of thumb. Due to pilot boarding and disembéidta
times a 30 minute must added to transit times cfeks
to calculate real working hours. A transportatigstesm
must be modelled and 1 hour should be taken asitran
time and must be count as working hour.
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conditions.

Table 2. Average transit times for Vessels Tramgiti
Istanbul Strait at 2010&2011

In Hours |  South to North North to South
MPR 1.657 1.555
NAV 1.736 1.6
G12 2.029 1.583

G3 1.634 1.414
G4 1.542 1.381
G5 2 2.002
T12 1.8 1.447
T3 1.517 1.376
T4-5 1.491 1.411
TOTAL 1.89 1.53

Another consideration about the model is frequency
of pilot service usage for the vessel transiting $trait.
Again KEGM data is analysed for this purpose inl€ab
3. It shows that nearly half of the vessels tramgit

General scheduling frequency is 6 vessels in an|stanbul Strait are using pilots. And there isighlmore

pilot usage when vessels transiting from SouthaaiN
Even though frequency is not very different

between North and South bound vessels, probablg sam

phenomenon of surface currents are also in affect i

selection of the pilotage service. It is deductédt t

mariners sailing with the current have more confae

to navigate alone than sailing against it.

Table 3. Frequency of Pilot Service Usage for Vissse
e Transiting Istanbul Strait at 2010 & 2011.

South To North North To South

W/P
W/P

TTL

FREQ
TTL

FREQ

| MPR 585 512 87.52 591 518
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NAV 96 24 25 104 29 27.88
G12 32886 13134 39.94 32728 11731 35.84
G3 5874 4638 78.96 5966 4767 79.90
G4 554 554 100 588 588 100
G5 6 6 100 6 6 100
T12 5163 2906 56.29 5345 2652 49.62
T3 4463 4351 97.49 4417 4326 97.94
T4-5 670 670 100 648 648 100
TOTAL 50297 26795 53.27 50393 25265 50.14

4, ALGORITHM

There are different parts of this model. Firstly,

simulation software. Such an algorithm in pseudecod Straitg.
For pilots:

can be written as follows:

a) Time Creation

Even though different simulation software might
have an internal clock, due to discrete event sitrarn
specifications it is safer to create a time logispecify
important times.

First part is the checking of day light. 12 houyda
light is taken as average for the purpose of this
simulation.

1. Create 1 entity at experiment start (Experiment

time 1000);

2. Assign entity that sun is up;

3. Delay entity for 480 minutes (8 hours);

4. Assign entity that sun is down. (Experiment
time 1800);

5. Delay entity for 720 minutes (12 hours);

6. Assign entity that sun is up. (Experiment time
0600);
7. Delay entity for 240 minutes (4 hours);
8. Loop entity to line 3.
Time logic must be created to check the availapbilit
of Strait to north to south or south to north ti@ffr his is
a rough guide to see which side of passage muspée
for the strait in any given time in experiment. kagic
will be evaluated with other considerations too.
1. Create 1 entity at experiment start (Experiment
time 1000);

2. Assign entity that Strait is open from South to
North;

3. Delay entity for 720 minutes (12 hours);

4. Assign entity that Strait is open from North to
South. (Experiment time 2200);

5. Delay entity for 720 minutes (12 hours);

6. Loop entity to line 2.

Also different time logic must be created for pilot
transfer times, as it will be unnecessary to setalspto
a pilot station when the traffic will shift its dictions
before the pilots arrive.

1. Create 1 entity at experiment start (Experiment

time 1000);
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8.

9.

Assign entity that transfer is allowed from
North station to South station;

Delay entity for 660 minutes (11 hours);

Assign entity that transfer is not allowed.(Too
late for transfer);

Delay entity for 60 minutes (1 hours);

Assign entity that transfer is allowed from
South station to North station;

Delay entity for 660 minutes (11 hours);

Assign entity that transfer is not allowed.(Too
late for transfer);

Loop entity to line 2.

b) Queues Creation
There are 4 queues in this model. 2 for pilot stati

some parts must be created to check the time ina@nd pilots and 2 for arriving ships from two sidethe

1.

2.

oghsw

N

Create number of pilots required in experiment
start;

Assign each entity a name to distinguish them
in model;

Mark each pilot’'s time now in experiment;

Send each pilot to first queue;

Name the queue Pilot Station South;

Queue ranking First In First Out.

Create a Queue for North Pilot Station.
Queue ranking First In First Out.

Other 2 queues have more sophisticated models and

will be explained in Istanbul Strait Models.

¢) Istanbul Strait Model

1.

2.
3.
4

o

10.

11.

Create ships according to exponential spread;
Assign created ships type;

Branch ships according to their type;

Assign ships a priority for the Entrance Queue
according to their type;

Assign a random pilot request to ships based on
their type and KEGM data;

For ships types that requires day light to pass
through strait check if sun is up, if sun is up
give them highest priority for strait. If sun is
down delay them 60 minutes and send them to
line 4;

Check if ship is requested pilot and update
priority over pilotless ships;

Put ships in a queue (Istanbul Strait South
Entrance);

Queue ranking rule is lowest priority first;

Seize entities from queue if Strait is open for
transit for correct direction. If not do not accept
ships to Strait;

If strait open seize the highest priority ship from
queue first in first out between two same
priorities;
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Abstract: The aim of this paper is to study and explain freading of oil on the water surface. Oil spillssea waters
are serious environmental disaster often leadingjgnificant and long-term impacts on the sensitigeatic systems.
Having a detailed knowledge of oil slick behaviorwater can be important in making operational sleniand taking
appropriate action against pollution. When crudeedined oil products are spilled on the sea, theyspread to form
an oil slick. The slick spreads over the water azefdue to a balance between several forces. A ewofbnatural
processes take place, which disperse the oil aadgehits chemical and physical properties.

Key words. gravity pressure force, inertia force, oil spreaglisurface tension force, viscous friction force.

1. INTRODUCTION - discharge of oil product on the water surface is
instantaneous;

The most effectiveness forces in oil spreading - the thickness of the oil film is small compared
process can be categorized as surface flow, widd an with the area so that the hydrostatic pressureiliigion
turbulent forces due to wave breaking. is uniform over the whole surface;

The spreading of oil is the horizontal movement of - during the spreading process, the movement of the
oil film due to gravity and inertia forces balanchy oil product on the water surface is laminar;
tension and viscosity forces. This process is cmred - acceleration of particles centers of oil is low;
completed when oil film thickness is very small ghd - effects of Coriolis forces are negligible;
original film is broken into several smaller films. - relative motion film of oil to current and wing i

If the oil spill is near the shores, it reachesghere negligible;
shortly after the spill and this process can not be - physico-chemical properties of oil product are
considered. time varying depending on atmospheric processes.

For the mathematical description of the process of The fraction of oil floating above mean waté,,
oil product spreading on the water surface in #s 50 is calculated by the relation [2], [3], [4], [5]
years several models have been proposed of whi&h th
most important are: Blokker's model (1964), Fay7{)9 0= P
Hoult (1972), Mackay (1984), Johansen (1985), Ellio A="2 P <<, Q)
(1986), Shen Yapa (1988) Reed (1991). Pa

Of all these models, Fay's model is considered as
the most representative because it has been verifie where p, and p, is the density of water and olil
experimentally in the laboratory in 1971 [1]. product.

Fay's assumed that the initial and final form adis| From equation (1) it follows that the thickness of

is cirCL_JIar. The model considers _that_ t_he oi_I PEdU  the oil film above the mean water levehh , is much
spreading on the water surface is divided into ehre less than that of water below

phases including inertial-gravity, gravity-viscowd

) ; tensi h dincettotiy For example, at a temperature of 20 °C for the
viscous-suriace tension phases, corresponding studied oil productp, =88877 kg/nt and p, =1000
dominant forces (gravitational pressure, inertigscaus P a

friction and tension). kg/m?® the fraction of oil that floats above the average
For the mathematical description of the process of water level isA = 011.

spreading oil on the water surface are necessay th

following assumptions [2]:
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2. THE FORCES THAT INFLUENCE THE
SPREADING OF OIL PRODUCTS ON THE
WATER SURFACE

21 The gravity pressure force

The gravity pressure forceF() is given by the

level of average oil product above the water, ie
horizontal direction, the film tends to spread ba tvater
surface. The module is given by relationship [2], [3],

[4]. [5]

~ — 2
Fp = pp9Ahhl = p,gANT 2)

where p,, is the density of the oil product (kghmg is

th

the gravitational acceleration (fyshl is the sectional
area of the oil film (), Ah is the thickness of the oil

film above the average water level (m). It is dexdoby
[ the horizontal dimension feature oil film (m).

2.2 The inertia force

The inertia force ) tends to prevent spreading

the oil film on the water surface and its modulugiiven
by [1], [2], [3]. [4]. [5]

F =ma=p\Va= pph|2(|t_2) , 3)

whereV is the volume of spilled ol = hl? (m®) anda
is the oil film acceleratiora =1t (m/<).

2.3 The viscous friction force

The viscous friction forcesHK;,) at the interface

between oil product and water slows down the spofad

oil on the water surface and its mode is giveny[P],

(3], [4], [5]
Fo =7 =7 [dvjlz (4)

where the oil film area is considered, = 12 (mP), the

oil film speed v=It™* (m/s) and the thickness of the

boundary layer of the water, z,

Z:J:M:\/ﬁ, (5)
Pp
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where v, is the kinematic viscosity of the oil film

(m?ls), N, is the dynamic viscosity of the same oil

product film (kg/m-s), antlis the time (s).
Therefore

Ffv :”p /712[1/2 _,7p 12|3t 3/2 (6)

is the final shape of viscous friction forces.

2.4 The surface tension force

Surface tension forceHy) is acting at the outer

limit of the oil product film (interface water-ofroduct)
and promotes spreading as long as is positive. The
module is given by relationship [1], [2], [3], [4B]

Fe=d =(0,-0,.-0,)l, )

where the net scattering coefficieat=0, -0, , -0,
(kg/s) is the algebraic sum of the surface tension of

water g, (kg/s) and oil producto,, (kg/s) and tension
at the water-oilo ,_, (kg/s).

3. THE SPREADING REGIMES OF THE OIL
PRODUCT ON THE SEA WATER SURFACE

31 Inertial regime

Immediately after the discharge of oil product the
film is thick and the area is small. Therefore, ¢havity

pressure force K, ) is greater than the surface tension

force (Fg) so that the gravity pressure is the main cause

of the expansion of the oil film, according to the
equation [1], [2], [3], [4], [5]

g

P90

p9Ah >al = h> (8)

At a temperature of 20 °C, for the fresh oil praduc
with density p,=88877 kg/n?, A=011, the

gravitational accelerationg = 981 m/$ and the net
spreading coefficients = 24190103 N/m, results that

the thickness of the oil film i > 5020107 m.

During the first moments after the discharge,
between the two forces, which slow down the sprére,
force of inertia ¢ ) is smaller than the viscous friction
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force (Fy,), first force is proportional ta™ and the

second force witht ™32
In the case of the inertial regime the inertia éorc

(F ) have the same order of magnitude as the gravity

pressure force K,), from which it follows the
characteristic size of the oil film, according to the
equation [1], [2], [3], [4], [3]
~ 2 - -2
F, =F = p,08h? = p,hl%
= gAV =142 =1 = (gav )¥4t¥2, (9)

h|2-~~v:»h—~~¥2
|

to be proportional witt¥? .

For large amounts of spilled oil, this regime oscur
in the first hours of discharge when the olil filhickness
is large enough, and the polluted area is small.

32 Viscous regime

As time passes, the viscous friction forcEg()

becomes greater than the inertia forde)( it follows
the relation [1], [2], [3], [4], [5]

P2 <nliplit ¥ =
= pPht 2 <p2=h< v t, (10)

wherev,, is the kinematic viscosity of the film, = 7o

Pp
(m?/s) andr, is the dynamic viscosity (kg/m-s),

- — -6
n, = 0013 v, = 146010

kg/m-s, m?/s, then result

that, fort=2 s h < 5403107 m,
o

hO ,
P00

have the same order of magnitude as the viscoctsofri

Therefore, for the thickness of the oil film

vat], the gravity pressure forcel()

Therefore is resulting feature size of the oil film
according to the equation [1], [2], [3], [4]. [5]

Iez%gAVth:
14
P

=1 =v;¥2(gn)tov 134, (12)

to be proportional wittt¥* .

This regime occurs immediately after inertial
regime and influence later development of oil film
starting after the first hours of the spill and touning
for several days.

33 Regime caused by the surface tension of the
water-oil interface

This regime occurs at high times of the spill, when
the film thickness ) gets very thin if tends to zero).
Accordingly the gravity pressure forcé-() is equal to

the inertia force F) and both are equal to zero
(Fy=F =0), and the viscous friction forceF¢,) is

approximately equal to the surface tension forég )(

(1], [2]. [3], [4]. [3]

2 -32 _ 2 _ at??
p Tp
34
LI (13)

pintt

As a result, the characteristic dimension of the oi

film | is proportional tot¥* .

Note in this regime is that the size of the feature
film of oil | does not depend on the volume of oil spilled
V.

The spreading process of the oil product on the
water surface begins immediately after his dischabgit
the speed with which this is done depends to the
viscosity and the volume of spilled oil product.
Petroleum products having a low viscosity is spread
more quickly than those which have a high viscogily

At lower temperatures than the pour point, the

force (Fy,), and according to the previous relationships Product oil solidifies rapidly and the spreadingmade

[1], [2], [3], [4], [5]
pp9Ah =)l 117¥% =

v? _
:pgngl—4=n§2‘|2t ¥2, (11)

85

difficult, it floating on the water surface in thidayers.
The action of wind, current or wave, causes the
formation of narrow bands of oil, or their directio
parallel furrows. In this phase, the oil producbperties
become less important in determining the movemént o
the film [4].

This regime follows viscous regime and influence
spreading oil film on the water surface when tHefilmn
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