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INCREASING THE EFFICIENCY OF MARINE ENERGY CONVERSION

Violeta-Vali CIUCUR,

Constanta Maritime University, Faculty of Naval Electro-Mechanics, 104 Mircea cel Batran Street, 900663, Constanta,
Romania, e-mail violeta.ciucur@cmu-edu.eu

Abstract : New approaches need to be taken into account in adopting the configuration of residual heat recovery
systems, design, operation and control and to consider equipment and the energy conversion process in the perspective
of integrated systems in order to increase measurable energy efficiency in existing marine energy systems as well as
other new systems.

The way of improving energy efficiency is strongly promoted by the largest companies, which produce marine
equipment and main engines for ships.

Residual heat recovery systems are promising solutions for efficient, cost-effective, ecological power and propulsion
onboard ocean ships.

Key words: energy efficiency, main engines, ships.

1. INTRODUCTION electricity and ultimately to the required propulsion
force.
To cover the needs of the propulsion, loading-
unloading manoeuvres, freshwater production, space
heating, cooling, passenger comforts are needed on
board many forms of energy.

2. FORMS OF ENERGY COMING ON BOARD \
SHIPS ‘}x /Cu;amwr.; (

The greatest interest in reducing emissions and
reducing ship operating costs are shipping companies.

This requires taking measures to ensure the optimal
use of the fuel used for the main ship engines on the
ships.

Usually, energy systems on the ship transforms
chemical fuel energy - primary energy source - in those
forms that are needed on board ships.

The ships are autonomous resource factories that
sail at sea and incorporate a plurality of components and g
systems.

The energy autonomy of the ship is a reality P oy
because all resources, including different forms of
energy, required during a voyage, must be stored or
produced aboard the ship. i

In general, there are a number of energy conversion '
processes based on the transformation of a primary
energy source (today fuel, in the past wind, renewable
sources in the future) in heat, in Kinetic energy,

/
|

Figure 1 Energy forms found on board ships
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A multitude of other energy conversion processes is
carried out to cover the needs of the ship for electricity,
heat and all other forms of energy.

All these types of energies are the energy
conversion system on the ship.

Steam boilers or gas turbines convert fuel energy,
auxiliary machines, internal combustion engines turn
fuel or steam energy into mechanical energy.

Propulsion facilities take over energy and convert
in energy to overcome ship resistance and ship
movement on the desired route at a desired speed.

There are also energy distribution systems for
consumers on board the ship.

In other news, the efficiency of the main engines
has increased and the energy efficiency of fuel is about
50%, which has led to a lower temperature
corresponding to the exhaust gas after turbochargers.

The main objective for the ship owner is to reduce
the operational costs of the ship and to a further
reduction in CO, emissions.[6]

3. RESIDUAL HEAT RECOVERY SYSTEMS
(WHRS)

Residual Heat Recovery Systems (WHRS) are a
revolutionary energy saving system that recovers and
reuses the energy of the main engine exhaust gases.

WHRS  optimizes thermal efficiency by
automatically adjusting power depending on on-board
electricity demand.

The residual heat recovery system increases the
possibilities for producing electricity from exhaust gases
and an improvement in total efficiency, as well as a
slight reduction in main engine efficiency.

At a speed engine, the low speed of the exhaust gas
flows through the main turbocharger of the engine
through an exhaust gas bypass.

The main engine exhaust gas is one of the most
important of the heat sources, the waste of a ship due to
heat and temperature flow.

The main source of the residual heat of a main
engine is the dissipation of the heat of exhaust gas,
which represents about half of the total residual heat, or
about 25% of the total fuel energy.[4]

The waste heat recovery system (WHRS) on a main
engine ship is similar for buildings that use cogeneration
units.

'_‘31 AN Dise & Turo
!

. ‘Steamurbine Pote Turing
AU 15-5IM, 05-35M,
Dual pressure .
b i P/ Gt :
P i
1 S Rk
Y @ | GearoesTu2

WHR System - Configuration:

Turbocharger

LA\

M Dl 4 Tt —
i

i

§
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Sum PowerGeneration ST 2- 9N,
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Figure 2 Waste heat recovery systems

The Energy Efficiency Design Index aims to
promote much more efficient use of energy [5]:

co isii P-SFC-Cp
EEDatinSI — 2emisii = -
work fi~Capaaty-VreffW

1)

where:

Ce- conversion between fuel and CO»;
SFC-Specific fuel consumption;

f;i-the capacity factor;

fu-a non-dimensional coefficient that indicates the
decrease in speed in high conditions represented by wave
height, the frequency and speed of the wind;

P, Vef and capacity -a consistent set of 75% of the main
engine power and the corresponding speed, when the
ship carry to its full capacity in calm weather;

The numerator of this function includes the sum of
the main engine emissions, auxiliary motor and the
motor axle generator, minus emission reductions in
efficient technologies;

EEDI atins < EEDIrequisit = (1 —X/100) =
x Reference Line Value. 2)

X — EEDI requested reduction factor, compared to EEDI
's reference line.
Reference line values are calculated as follows:
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EEDI = ax*bC, 3)
where:

a, b and ¢ - parameters that appear for different types of
ships.

The EEDI formula consists of four terms that
address different ship design criteria.

Emissions CO,, Main Engine:

n NyEg
(. I 1f,>< 2 Pueq * Crueq) * SFCME(L')) . (4)
J = i=1

Emission reduction CO,, thanks to innovative
technology:

Nerf
X feff(i) * Peff(i) * Cpyg * SFCyg (5)
i=1

Electricity efficiency:

M nPTI
(iglf:i i§1 PPTI(i) - Zfoff(l)PAEOff(l)) CFAE * SFCAE ) (6)

where:

fi- correction factor to account for ship-specific design
elements, if design elements are not installed, the factor
issetto 1.

5. CONCLUSIONS

Currently, indincessing energy efficiency of the
ship only provides information on emissions of CO,
emissions in fuel consumption, then resulting in energy
but not how much energy is used. [1]

This situation of EEDI is similar to EPC energy
performance certificates of buildings

A strategy for Naval Energy Efficiency is welcome
but regulation only monitors fuel consumption instead of
this direct reduction, and covers CO, and not
atmospheric pollutants such as S0,, or NO,. [2]

A simple analogy with the European Ecological
Design or Energy Performance of Buildings indicates the
lack of ecological labels of ships.

All types of ships can use clean fuel (gas or
hydrogen) in the future and is expected to obtain the

green ship by using the efficient use of renewable
technologies.

The use of renewable energy technologies is not a
common practice.[7]

Even if the market can provide adequate
technologies nor the obligation is unsuccessful, neither
the operations of simulating the growth and use of
renewable energy fails in particular hydrogen technology
for new ships.

In the future of shipping considered to be green, the
widespread use of wind, solar and electrical energy will
be encountered to help propel ships and power vessels of
all sizes.

Eventually, EEDI is a non-prescriptive,
performance-based mechanism that allows the choice of
technologies to be used on a ship to be the specific
industry responsibility.

As long as the level required by energy efficiency is
achieved, ship designers and shipbuilders are free to use
the most cost-effective solutions for ships and comply
with the rules.
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Electrical drive and control of an electric motor step by step by step bipolar
Violeta Ciucur!

Constanta Maritime University, Faculty of Naval Electro-Mechanics, 104 Mircea cel Batran Street, 900663, Constanta,
Romania, e-mail address: violeta.ciucur@cmu-edu.eu

Abstract: PWM, (Pulse Width Modulation) is the most effective way to control analog circuits using numerical outputs
by changing the duration and frequency of the signal.

The duration of each state t; and t,, so the filling factor, where T =t; + t, = constant.

If only one of the times (t; or t,) varies, then the Tt period of a cycle varies, so the f =1/ T frequency varies.

The PWM signal is actually a modulated rectangular signal over the duration by modifying the duration of each period
t1, t, of the cycle as well as the change in frequency.

The maximum benefit of a stepper motor can only be obtained if it is ordered correctly, this requiring a direct current
source, an electronic switch and a controlled pulse generator (numerical information).

The frequency of the CLOCK cycle is measured in Hz and the filling factor is measured in percentage (%).

The amplitude of the output signal is constant even if the amplitude of signals producing the fill factor varies.

Key words: stepper engine, signal, bipolar, power, CLOCK

1. INTRODUCTION -activate / disable for feedback for position and speed
(open loop / closed loop);
Step-by-step engines are used in microcontroller -to set a type for follow.
applications. Step-by-step engines are used where high precision
An engine can be ordered by a direct is required (hard disk, copiers, printers).
microcontroller and through specialized, programmable Step-by-step engines are limited to situations where
interfaces. large power is required (usual powers between
Step by step engine is controlled by Step & microwaves and kilowatts).
Direction orders by principal controller and it is suitable Step-by-step engines are used in small power
for systems with many axes. applications, characterized by fast, accurate, repeatable
A digital tracker module allows tracking an movements: XY plotting, flexible disk drives, moving
analogical external signal and complete definition of printing head to printers, actuating robot orientation
parameters. mechanisms, axial movement of systems elements
Optics, 2D positioning tables, for drilling machines, etc.
2. CONFIGURATION PARAMETERS FOR The engine control is made electronically and
UNITY motor displacements can be obtained depending on the
control program.
Configuration parameters for unity: Theoretically step by step is built very simply.
-the pass, Has no brushes or contacts.
-current, Essentially, it is a synchronous engine whose
-internal ramp, electromagnetic field is switched electronically to move
-type of functioning the motor rotor.
You can get the following functions: The  step-by-step  electric motor is an
- report settings between reference speed and speed of electromagnetic converter that performs the conversion
the engine (transmission road); of control pulses applied to the motor phases into a
- to set scala maximum of analogical reference (0 + 10V rotation motion consisting of discrete angular
or - 10V + 10V); displacements of equal size and represents the steps of
the engine.

11
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The number of steps must correspond, in the case
of correct officials, with the control pulse number
applied to the engine windings.

3. ELECTRICAL DRIVE AND CONTROL OF AN
ELECTRIC MOTOR STEP BY STEP BY STEP
BIPOLAR

When the stator phases are fed, magnetic fields are
generated, interacting with permanent magnet flows,
giving rise to forces couples, moving the rotor.

Ordering aspects in sequences, simple, double and
mixed, are similar to MPP with variable reluctance.

Instead, to the extent that the rotor performs a
number of steps and the southern pole of the rotor
approaches the Pole A ‘of the stator, the current by
winding the AA' must change its meaning to oppose it a
north pole and maintains the meaning of torque of
forces.

Phase power is made with alternate polarity
impulses, which complicates the control device structure,
called the bipolar command.

The angular steps obtained are high (between 45 °
and 120 °), as the number of permanent magnets that
may be disposed along the rotor circumference is much
lower than the number of teeth accessible for the step
motor step by step with variable reluctance.

A solution that eliminates the disadvantage of a
small step angle is that of a step-by-step motor.

A step-by-step hybrid engine is a combination of
the first two types, combining the advantages of both and
being the step-by-step motor used in the vast majority of
applications.

The rotor consists of a permanent, longitudinally
disposed magnet, at whose extremities two toothed
crown of ferromagnetic material are fixed.

The teeth of a crown constitute the North Poles, and
the teeth of the other crowns, South Poles.

The teeth of the two crowns are spatially offset so
that if a tooth of a crown is located next to a steadier
tooth, the rotor tooth on the other crown is halfway
between two steadied teeth.

Step by step engine is a category of synchronous
machine, characterized by a construction and a power
system suitable for discrete operation, that is, "in steps".

For step-by-step motor control can be used
integrated circuits together with a CLOCK generator.

Integrated control assembly generates control
signals for double stator motor and allows for selecting
direction and the execution of a whole step or half step,
by properly programming its inputs.

The circuit is connected as an unstable circuit and
the condenser is loaded from the supply voltage by the
two resistors Ry and R..

The discharge pin noted with 7 is connected outside
to the junction between the two resistors.
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Figure 1 Unequable module

The supply voltage is 4.5 - 18 V, the power supply
is 3-6 mA and time of growth / decrease time: 100 ns.

To express the evolution in time of the signal
CLOCK, the sizes can be calculated, the time period
when the clock signal is at 5V, called and logically 1-
(tn), the time period when the CLOCK signal is at 0 V,
called and logically 0-(t ), period, equal to the sum of
periods ty si t -(T) and frequency (f):

ty = 0,693 % (R, + 2 * RV,) * C; * 10% = 0,693
(5000 + 3150) * 0,15 * 1076 x 10 = 0,847 ms (1)

t, = 0,693 * RV, x Cg * 103 = 0,693 * 3150 = 0,15 x
1076 % 103 = 0,327 ms (2)
T=t,+t, =0847 +0,327 = 1,174 ms (3)

1,44 _ 1,44 _
f= (Rz+2%RVp)*Cs  (5000+2%3150)%0,1510~6 849,55 Hz

(4)
4, RESULTS

Using equations (1), (2), (3) and (4), can obtain the
values of:

RV, = 3 k0,
Cs = 0,22 uF.

The 12 V power source contains a voltage regulator
to ensure the stresses required for the power and
command storey.

The voltage controller will provide the 5V voltage
required by the control storey, being a 3-pin integrated
circuit.
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Electric characteristics are: current at exit 2 A,
output voltage of 5 ,6, 8, 12, 15, 24 V, high temperature
protection and protection against short circuit.

An oscillating signal is generated, stair type
through pin 3 where is connected a diode to monitor a
signal.

The integrated circuit is the translator to generate
matching sequences for operations like “’half step”’,
“’one-phase-on full step’” and ’two-phase-on full step”’.

This block is controlled with two inputs: direction
(CW/CCW) and module (HALF/FULL) and forward a
code in 8 steps, thus generating the 4 signals to output.

L S T I I I I

Figure 2 Half-Step signal

This phase of the engine corresponds directly with
the “’Half-Step’” mode and the signal oscillation is in the
figure.

By selection “’High Level’” on “Half/Full”’
generate two other signals INH1 and INH2.

These signals have the role of rushing the current
dissipation process when a winding stops of MPP.

The signal “’Full-Step’’ is obtained by jumping
over certain steps in the 8-step sequence when this mode
is selected, the Half / Full input is low.

http://www.jmte.eu
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Figure 3 Full-step signal (two-phase-on)

By selecting “’Full step’” mode When the
translator transmits a para sequence generates two other
inh1 and in signals who have the role of hurrying the
current dissipation process when a winding of MPP
stops.

14 6 8 2 4 68 24 68

C T
Tl

Figure 4 Full-step signal (one-phase-on)

The system is powered by a source of 12 V what
uses a voltage stabilizer to adjust the required voltage of
5-12 V with 2A per phase.

The paper addresses the command and supply of
motors step by step because, in fact, these areas are
inseparable.

Step-by-step motor compatibility with numerical
calculation technique has led to superior performance in
the positioning process, which has led to the extension of
their areas of applicability [7].

13
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5. CONCLUSIONS

Step-by-step engines are used in situations where
large powers are not required and secure in the field of
work, starts, stops and sudden reversals without loss of
information, namely omissions of steps.

Characteristics of fast, accurate and repeatable
movements make the motor step by step the right
candidate for small power applications such as:
positioning tables 2D, drilling machines, the operation of
robot orientation and pressure mechanisms, moving the
printing head to printers, plotter x-y etc.

Step-by-step engine is an electromechanical
converter that makes the transformation of a digital pulse
train into a proportional movement of its axis

The rotor's freaking of step-by-step engine consists
of discreet, successive angular displacements of equal
sizes and representing the steps of the engine.

The step-by-step engine also shows the property of
being able to enter synchronicity to the command
impulses even from the rest state, operating without
sliding, and the braking is also carried out without the
output of synchronism.

Due to this, it is ensured, shortages and sudden
reversals without any loss of steps.

The speed of a step-by-step engine can be adjusted
within wide limits by changing the frequency of input
pulses.

Thus, if the angular step of the engine is 1.8 ° the
number of impulses necessary for a complete rotation is
200, and for an input signal with the 400 pulse frequency
per second, the engine speed is 120 rotations per minute.

6. ACKNOWLEDGMENTS

This integrated generates control signals for the
Double Stator engine and allows the selection of the
travel direction and the execution of a whole step or half
step by properly programming its inputs.

Trying to speed up a load too fast when the
stepper motor cannot generate enough torque to move to
the next step before the next pulse unit will lead to a
jumped step and a loss in position.

Most stepper motors are bidirectional and allow
fast acceleration, stopping and reversing without loss of
steps, if they are controlled with a frequency lower than
the limit frequency corresponding to the respective
operating mode.

In order to extend the operation of stepper
motors at speeds higher than the speed corresponding to
the limit frequency, it is necessary to accelerate by
gradually increasing the frequency of the control pulses.

The presented driver is simple to be made
practically having a low cost of components

Due to the versatility that proves both from the
point of view of the movement and speed, it is the ideal
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candidate for applications such as scanner, fax, moving
the printing head to printers, X-Y plotters.

One of the system's disadvantages is the lack of
automation in motion movement step by step.

It can not automatically adjust the movement
parameters: speed, sense, speed, etc.

The practical design and implementation of
such modern drive systems are a difficult task, as it
involves knowledge from several distinct areas
(theoretical research, complex mathematical operations,
electric drives, electric machines, digital and industrial
electronics, system control, numerical systems -
Hardware and software, Visual C ++ programming).

The paper addresses the command and supply
of motors step by step because, in fact, these areas are
inseparable.

The compatibility of the step-by-step engine
with a numerical calculation technique has led to
superior performance in the positioning process, which
has led to the expansion of the areas of applicability.
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Abstract : The time allotted to a single ship at berth varies greatly depending on the characteristics of the ship, the
volume of cargo and its specifications.. Taking into account the service time and the problem of terminals by
overcrowding of waiting ships and available berths (which may vary in number, depending on the size of ships already
berthed), the average waiting time is calculated and obtained. The operating process is usually sequential, ie each type
of cargo is stacked separately from the other types. For this reason, the operating time was considered to consist of four
other indicators, which correspond to the main types of cargo of Ro-Ro / Ro-Pax ships: complete trucks, semi-trailers, *
passenger cars, vehicles as goods themselves. Also, the time of operation of the goods by the dockers can be formulated
by two other different terms: the time related to the ship and the time in the terminal. In this context, we intend to
analyze the capacity of the terminal in Constanta Port.. Two different scenarios are considered: a more "common” case
for the studied terminal with 40 semi-trailers and 80 trucks to be unloaded and the same amount to be loaded and an
"extreme™ case in which all goods are composed of semi-trailers ( 160 plus 160 in total). By using simulation models,
the values for the optimal quay time were obtained, in relation to the number of units for loading data in the specified
scenarios. Using modeling algorithms, we obtain reports of situations that include tables and graphs that allow the
optimization of terminal operation.

Key words : terminal, ship, scenarios, optimization, simulation, algorithm.

1. INTRODUCTION affected by the storage configuration, which makes it
difficult to approach the three subsystems on their own.
When analyzing the operations of a container In fact, RoRo terminals are characterized by, among
terminal, there are a large number of interrelated other things, the shorter stay of the platforms in the
variables that must be taken into account, which makes it terminal, as well as the unique feature through which the
advisable to consider the terminals as continuous goods can move by their own means.
production systems, consisting of a succession of stages The operating process is usually sequential, ie each
or separate subsystems where each of them must be type of cargo is stacked separately from the other types.
optimized to increase overall performance and avoid any For this reason, the operating time was considered to
possible bottlenecks. This type of terminal operation consist of four other indicators, which correspond to the
approach allows focusing on each process and helps to main types of cargo of Ro-Ro / Ro-Pax ships: complete
understand, improve and ultimately determine the trucks, semi-trailers, * passenger cars, vehicles as goods
capacity of each subsystem and the terminal as a whole. themselves. Also, the time of operation of the goods by
In general, the operation of a terminal can be the dockers can be formulated by two other different
divided into four main subsystems that correspond terms: the time related to the ship and the time in the
approximately to distinct physical areas of the terminal: terminal. In this context, we intend to analyze the
Loading / unloading from / to the ship to / from the capacity of the terminal in Constanta Port.

shore, transfer (from berth to storage area), storage and
delivery and reception, all depending on the type of

traffic / terminal. 2. MATERIAL AND METHODS

With regard to Ro-Ro terminals, it was considered
that a division into three subsystems instead of the In this context, we intend to analyze the capacity of
common division with 4 subsystems would be sufficient, the terminal in Constanta Port. By using simulation
as the transfer time if loading / unloading is greatly models, the values for the optimal quay time were
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obtained, in relation to the number of units for

loading data in the specified scenarios. Using

modeling algorithms, we obtain reports of situations
that include tables and graphs that allow the
optimization of terminal operation.

2.1 Simulation models:

A model that uses Lanner's Witness software
has been developed for terminal operating scenarios
[1].

By entering parameters such as towing units,
return / loading / unloading speed (a typical value
would be 14 km / h), the distance between parallel
and opposite parking rows and the load pick-up
time, it is possible to obtain a graph showing values
used to simulate quay operability (Figure 1) [2].

o

Figure 1 Values used for simulation

From the simulation it can be stated that the time on
the quay depends on the chosen scenario [3].

The estimation of the values for the optimal time at
the quay, in relation to the number of units for loading in
the scenarios set for the study is done by graphs for time
/ units and different configurations and units of towing
and loading (Figure 2).
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Figure 2 Estimating the values for the optimal time
at the quay
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Models are built in WITNESS using the elements
displayed in the many tabs of the designer elements
window (Figure 4) [3].
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Figure 3 WITNESS designer elements

2.2 Systemic analysis of the terminal:
When analyzing the operations of a container
terminal, there are a large number of interrelated
variables that must be taken into account, which makes it
advisable to consider the terminals as continuous
production systems, consisting of a succession of stages
or separate subsystems where each they need to be
optimized to increase overall performance and avoid any
possible bottlenecks. This type of terminal operation
approach allows focusing on each process and helps to
understand, improve and ultimately determine the
capacity of each subsystem and the terminal as a whole.

In general, the operation of a terminal can be
divided into four main subsystems that correspond
approximately to distinct physical areas of the terminal:
Loading / unloading from / to the ship to / from the
shore, transfer (from berth to storage area), storage and
delivery and reception, all depending on the type of
traffic / terminal. With regard to Ro-Ro terminals, it was
considered that a division into three subsystems instead
of the common division with 4 subsystems would be
sufficient, as the transfer time if loading / unloading is
greatly affected by the storage configuration, which
makes it difficult to approach the three subsystems on
their own.

The three subsystems considered will be:

e anchoring,

e  storage and

e delivery and receiving, as shown in Figure 4

[2]:
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Figure 4 Ro-R terminal subdivisions

The methodology developed for obtaining the
capacity and thus the level of service for a certain
terminal and for a certain setting of operations is
performed in four main stages, in which:

+ the optimal value for the operating time is
estimated;

» the waiting probability associated with the
obtained operating time is calculated;

 the capacity graph for the current terminal is
drawn and finally;

« the level of the service scale associated with the
terminal is obtained.

Once the time of port operations is known, the
analytical formula can be obtained to estimate the total
stationary time.

It should be noted that the stowage time varies
greatly depending on the characteristics of the ship, the
volume of cargo and its specifications.

2.3 The operating process:

It is usually sequential, meaning that each type of
cargo is stacked separately from the other types. For this
reason, the operating time was considered to consist of
four other indicators, which correspond to the main types
of cargo of Ro-Ro / Ro-Pax ships:

complete trucks-t*

semi-trailers-ts¢

passenger cars-t?

vehicles as actual goods-t¢ (Figure 5)

[3].
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Figure 5 Types of goods and mode of operation

In RoRo terminals, the expected size of the ship
(actual length) is not found in the equation, as the degree
of berth occupancy is actually related to the number of
access points, where a frame can be placed and not to the
available berth length. In this type of terminal, the
problem comes from elsewhere: the program [5].
However, Ro-Ro terminals usually operate by
scheduling ships in advance and therefore arrival times
are usually planned in advance and follow a strict
schedule. But even so, the waiting time in the shed
cannot be approximated and depends on many external
factors [6]. So, once again, simulation is the usual choice
to estimate the waiting time in the radar and the
probability that it will occur [7].

3. APPLICABILITY PORT OF CONSTANTA

The proposed methodology is now applied to the
data of a transport company, which operates with two
independent ramps in a RoRo terminal in Constanta,
Romania. Both the ramps and the systems on the quay
are independent of each other and it is therefore possible
to analyze them independently of each other, in
foreseeable waiting terms, when ships arriving at the
terminal follow a pre-established schedule.

3.1 Study hypotheses

e The load consists only of trucks and semi-
trailers, being the second type of cargo that requires a lot
of time for stacking;

e The unloaded goods are equal to the loaded
goods;

e Two different scenarios are considered: a more
"common" case for the studied terminal with 40 semi-
trailers and 80 trucks to be unloaded and the same
amount to be loaded and an “extreme" case in which all
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goods are composed of semi-trailers ( 160 plus 160 in
total);

e the initial time and the total time are taken
deterministically and thus no variation was taken into
account;

e 8 mobile platforms and 2 ramps operate at the
same time;

e The time for semi-trailer operation is
considered to follow a normal distribution with the
average obtained through a mix of analytical and
simulated values with a purely analytical variation;

e the number of trucks that can be loaded 80
trucks / hour;

e the number of trucks that can be unloaded 140
trucks / hour;

e the number of trucks that can be parked 100
trucks / hour and there is room for 19 trucks on the inner
lanes of the terminal;

e The typical ship has two ramps (R = 2), and the
distance from the port entrance to the berth, d, is equal to
3.1 nautical miles;

e The standard deviation of the ship's arrival is 30
minutes.
3.2 Ship operating time
Includes all times allotted to a berth for the
operation of a single ship. This is twice the time the ship
spends in the dock and until the ramps go down the
quay.

t,=16-d+ 3-R+ 20 1)

where R represents the number of ramps (R = 2),
and d the distance traveled from the road to the berth
(3.1 nautical miles).

The calculation of the time of port operations t,, is
done with the equation

tey=tiHtPHmax(tyt+est, t5°+ tef)

O]

where:

t, is ship time; t,, is time in the terminal.

Equations (3) and (4) can be easily obtained to
estimate t*and t?

1
ttZFTH W T 3)

i )

n+
AT

tp_

where:

u?, ut represents the number of vehicles / trucks
that can be loaded in a unit of time;y]’i , ,u; -the sum of
the vehicles that can be unloaded; n?, nf, n%- number of
vehicles for loading / unloading; ttf is damage due to
congestion in the yard.The value of p is directly

proportional to the volume of the ship's ramps, their
distribution inside the ship and the terminal facilities.
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4. RESULTS

Specifically for the Ro-Ro terminal in Constanta
Port the results are:

#5=0 ... 90 trucks / hour; u!= 120-150 trucks / hour;
#¥=120... 180 trucks / hour; xP=120... 180 trucks / hour.
tff is interpreted as overtime due to inadequate terminal
capacity. This value can be obtained by equation 5

(®)

taf __(nltt L)' ot nu
A

where:
Hy is the capacity represents the capacity of all the gates

of the terminal (ta
L the capacity of the terminal (the number of trucks that
can fit in the traffic system of the terminal).

Semi-trailers and vehicles are usually stacked
simultaneously. When stacked, the main difference
between these types of cargo and those defined above is
that semi-trailers (as well as car loads) are not
autonomous and thus the limiting factor is no longer the
ship's ramp capacity, but the number of stacked units.

The time of the ship with semi-trailers ¢3¢ and its
variability must be calculated for each type of ship in the
terminal [8]. RoRo lines are usually operated on a
regular basis, with the same ships over time; therefore,
this amount of time can be obtained for the few ships
working with the terminal in the Port of Constanta. It can
be approximated by equation 6

st St
tSt_N(tv (nu +nl )! Uv ((:71:1;2.7” )

(6)

where:
nst, nit are the number of semi-trailers intended

for loading and unloading; n™ represents the number of

mobile loading platforms; 0,5”2 is the variation t;*(time
spent by mobile platforms inside the ship). However, the
use of equation 6 may not be sufficiently accurate. In
such a case, the total time of the semi-trailer (t£) can be
obtained by simulation once t]* is known.

On the other hand, the time spent on the quay of
semi-trailers (tj'), understood as the value of the
operating time spent outside the ship, is obtained after
simulating the operability of the terminal.

From the simulation it can be stated that the time on
the quay depends on the chosen scenario, but only to a
small degree (the total time varies only 2-3%)(Figure 6).
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Figure 6 Estimation of values for the optimal quay time,
in relation to the number of loading units in scenario 1

Knowing that the standard deviation for the arrival

of ships is approximately 30 minutes, the following
figures are obtained (Figure 7):

—25.\
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.
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Figure 7 Ships operated for a given average distance and
ships that could be served without changing scheduled
arrivals at the Ro-Ro terminal in the Port of Constanta
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Figure 8 Relationship between the probability of waiting,
the number of arrivals and the variability of arrival times
and operating time

where on the ordinate-5 we have the waiting

probability and on the abscissa- 1 , the flow.

Adding the actual values obtained, we can
determine what could be the number of ships per day
served for operation in optimal conditions (according to
planning and operating times)(Table 1).

Table 1. The operational vessels on main line

No. Berthed-Sailed Vessel
1 7/11/21 12:00- S%(IDPSP?’\?G
7/13/21 5:10 DANAMA
2 7/14/21 0:50- CMA CGM
7/16/21 3:15 TIGRIS
3 7/18/21 6:45- CMA CGM
7119/21 21:45 TANYA
4 7/26/21 4:40- COSco
7127/21 23:45 SHIPPING
SEINE
5. CONCLUSIONS

Ro-Ro traffic is likely to increase worldwide and
therefore an increase in the capacity of Ro-Ro terminals
is needed. The geography of the Black Sea is ideal for
short sea shipping. It has an increased potential to
support the development of a Ro-Ro / Ro-Pax transport
network between neighboring countries.

The terminal in the Port of Constanta will undergo
some modifications so that the Ro-Ro type ships can
benefit from all the port operations necessary for a good
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development of the project. Piloting services (if
applicable), storage, stacking, mooring, access to
railways and highways, etc. will be provided.

It takes into account whether the arrival pattern is
random or scheduled and the time of service provided by
the terminal (average value and reliability). Also, the
different types of goods and their distribution on the
quay are identified and taken into account. A
methodology for assessing the level of service provided
by the terminal under certain operational constraints is
also provided, in part, as a by-product of the
methodology. This paper ends by applying the
methodology of the terminal in the Port of Constanta.
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STABILIZING THE PERIODIC ORBITS IN A CHAOTIC MAPPING DESCRIBING THE
DISCRETE HEALTH SYSTEMS VIA PREDICTION-BASED CONTROL

Dumitru Deleanu
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Abstract: In the paper the problem of location and stabilization of unstable periodic orbits (UPOSs) in discrete systems is
investigated via the prediction-based control (PBC). It involves using the state of the free system one period ahead as
reference for the control signal. Two types of control gains are tested, the first requiring the knowledge of the UPO to
be stabilized and the second depending only on the actual state of the trajectory. The effectiveness of PBC is
demonstrated on a chaotic mapping describing the malignant tumor growth. When the results obtained with the two
control laws are compared with each other, it is found that the second variant is qualitatively superior, both in terms of
convergence and the number of stabilized UPQOs, especially for long-period orbits.
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1. INTRODUCTION

In everyday life, human health is paramount for
performing high-performance activities. some diseases
can deteriorate the quality of work results.

Cancer, that terrible disease characterized by
uncontrolled growth of cell and invasion into
surrounding tissues, is one of the major causes of deaths
in the world. It is natural, then, that the mathematical

modelling approaches have become increasingly
abundant in cancer research, with the ultimate goal of
controlling it.

The mathematical models used to describe the
growth rate of the cancer cells are either deterministic or
stochastic. The widely used deterministic models are the
exponential, logistic, Mendelsohn, Gompertz and
Bartalanffy models. To provide best fits to the
experimental and clinical data, some of the above-
mentioned models have been extended to their stochastic
counterpart, e.g. Gompertz and logistic models [1 - 3].
Even if continuous models are usually used in the
literature, some papers suggest that a suitable model for
the tumor growth should be a discrete model, capable of
exhibiting both periodic and complex chaotic dynamics
[4, 5].

Generally, chaos is associated with unpredictable
behaviour and this may be inconvenient in the treatment
of the cancer tumor. For such a situation, suppression of
chaos and its substitution with a regular behaviour may
be achieved by control techniques [6, 7]. Part of these
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approaches use the fact that the strange attractors
associated to a chaotic dynamical system contain an
infinite number of unstable periodic orbits (UPOs)
forming the skeleton of the attractor. If such a UPO with
low period is stabilized, it is expected that a tumor
treatment action will be easier to identify and apply.

In the paper, we numerically investigated a
technique proposed by Ushio and Yamamoto and
developed by Chagas et al [8] for stabilizing UPOs in
chaotic mappings, called prediction based control. As
demonstrative example, we selected a one-dimensional
map describing a malignant tumor growth.

2. MODEL AND METHOD

2.1 Model

The one — dimensional discrete model used in the
paper for describing a tumor growth was proposed by
Ahmed and assumes that the cells of the tumor have a
core and a surface and he cell growth is proportional to
its surface while the loss with its volume [5]. The
associated mapping, after rescaling, reads as:

Xn+1 = 6-75p(x121/3 - xn) 2 f(xn,p) 1)

where x, refers to the number of cancerous cells at
“time” n, the parameter p € [0,1] indicates the tumor
growth rate and the nonlinear function f transforms the
interval [0, 1] onto itself. The map has two fixed points,
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%' (p) =0 and z''(p) = (1:;;) . The second one is

stable for p € (0.148,0.740) and then is replaced,
through a pitchfork bifurcation, by a period-2 orbit. This

is, at its turn, stable for p <;5£f) = 0.898 and then

bifurcates into a 4 — cycle. The next bifurcation points

are péf) = 0.924 and ﬁéf) = 0.932. Starting with an
accumulation point, the map behaves chaotically,

excepting some small windows with periodic behaviour.

2.2 Method

Consider the one-dimensional nonlinear map

xn+1 = f(xn'p);xn € R,Tl 2 1

@

where p € R is a parameter and f € C1.
Let PO = (x,(p), %, (p), ..., %s(p) ) be a period — s
orbit of map (2), meaning

fZ = f(fl)! fS = f(fz), '"rfl = f(fs) (3)
P® is a fixed point of map f© = fofe..°f. Let

M= F &) F @) (5. If M| <1 the orbit
P®) s stable, otherwise it is unstable. The prediction —
based control suggested in [8] for stabilizing the s —
cycle PO in the case |M| > 1 is given by:

Xn+1 = f(xn' p) + un(xn) (4)
where the control signal u,, is defined by
un(xn) =K,- (f(s) (xn' p) - xn) (%)

The control gain K may be time varying or
constant (that depends on the system state). In the paper
we tested two variants of choosing K, namely:

f (Xl)
1-M "’

=T1s (6)

V1) K (%) =

K, is a time — periodic state — dependent gain and its
determination depends upon unstable periodic orbit P¢)
knowledge.

f’(xn)
1) f Fng) o

V2) K (x) = ()
K,, is a non-linear time — variant state — dependent gain,
but its determination does not require any knowledge on
the orbit P) (except the period s). The values %,,,;,i =
1,s — 1 are computed along the trajectory of the free
system (2).

[ Gnts-1)

3. RESULTS

Throughout this section, without exception, the
parameter value p = 0.97 is considered, for which the
map (1) behaves chaotically. The strange attractors
contains two fixed points, one orbit of period 2 and one
of period 4, no orbits of period 3 and 5, two orbits of
period 6, and so on.
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3.1 Stabilizing the fixed point (s = 1)

For p = 0.97, the nonzero fixed point is X'’ (0.97) =
0.652856 = x; , for which M = - 1.5159. It can be
stabilized in a small number of iterations both by law (6)
and by law (7).
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Figure 1 (a) Evolution of the state x,, toward fixed point
x¢ and the control effort u,, for map (1) controlled by
law (6) with x; = 0.9;

T x, = 0.652856 1

Figure 1 (b) Basin of attraction of stabilized fixed point
x¢ of map (1) controlled by law (6) and the number of
iterations until stabilization, Ng;
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Figure 1 (c) The same as in previous figure, but for law
(7). In addition to x, there are initial conditions x, for
which the zero fixed point is stabilized.

Figure 1 (a) shows the evolution of the state x,, and
the control effort w, for initial condition x; = 0.9 and
law (6). After four iterations, the value |u,| < 10~8 was
reached, which we will choose as threshold for
stabilization. In fact, the initial condition x; is not too
important for the stabilization of x, under the conditions
of law (6) enforcement. As indicated in Figure 1 (b), the
basin of attraction (BA) of x; is the entire interval [0, 1].
The number of iterations until stabilization is between
Ng = 2, in the vicinity of the fixed point, and Ng = 6,
towards the left end of the interval. When applying the
law (7), the situation is slightly different. The fact that
the fixed point is not a priori known makes the choice of
x, hear the origin to produce the stabilization of the zero
fixed point (in a much larger number of iterations). For
the rest of the range [0, 1], there are no notable
differences between the results provided by laws (6) and
(7), as illustrated in Figure 1 (c). Moreover, this
drawback of law (7) is maintained for all p € [0.74,1],
as shown in Figure 2.

The white area refers to the zero fixed point and the

red line to x;.
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Figure 2 Dependence of the number of iterations until
the fixed point’s stabilization on the starting point and
parameter p when applying: (a) law (6) ; (b) law (7).

3.2 Stabilizing the period-2 orbit (s = 2)

The only orbit of period 2 obtained for p = 0.97 is
x; = 0.183799 and x, = 0.913170 (M = —2.314003).
In Figure 3, this orbit is stabilized for x; = 0.9 in ten
iterations. The control gains are K,,(x;) = 0.340882 and
K, (x;) = —0.618090.
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Figure 3 Stabilizing the period — 2 orbit with the law (6)

The basin of attraction (BA) depends in a significant
way on the connection between the parity of index “n” in
the control scheme (4) and the components of the orbit

[9].
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Figure 4 (a) Dependence of the basin of attraction of the
period-2 orbit on the choice of control gains in (6)
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Figure 4(b) The same, but for the number N of
iterations until stabilization

If an odd “n” corresponds to i;, then the BA is
formed mainly in the closeness of this component (see
the upper panel in Figure 4(a)). Otherwise, the BA
surrounds the component x, (see lower panel in Figure 4
(a)). The number Ns of steps until the orbit is stabilized
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remains less than ten, except for the marginal areas of
the BA, as shown in Figure 4 (b).

Unlike variant V1, the application of law (7) makes
that every time when the starting point does not lead to
the stabilization of period -2 orbit, the non-zero fixed
point x is stabilized instead (see Figure 5).

05 06
%

L L L
02 03 04 0.8

(a) (a) Basins of attraction;

(b) Number of iterations required for stabilization.
The red colour stands for x;.

Figure 5 Stabilizing the period-2 orbit and the nonzero
fixed point with the law (7):

3.3 Stabilizing the period-6 orbit (s = 6)

For p = 0.97, there exist two orbits of period 6,
namely Pl(ﬁ) = {0.09226,0.73277,0.52393, 0.82481,
0.35808,0.95710} and P® = {0.10520, 0.77030,
0.458379,0.891233,0.228372,0.950978}. The law
(6) with gains K,,(%;) = 0.29190, K,,(x,) = —0.15997,
K,(%3) = —0.10625,K,,(%,) = —0.17723, K, (%5) =
—0.03756, K,,(xs) = —0.19864 and x, =09
succeeded to stabilize orbit Pl(e) in 12 iterations, as
presented in Figure 6.
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Figure 6 Stabilizing the period — 6 orbit Pl(G) with the
law (6).
When looking for the BA of this orbit, it is observed
some initial conditions x; that lead to the period — 2
orbit. Thus, out of the 1000 starting points x;, 122

stabilized the period-2 orbit and 680 the orbit Pl(G) (see
Figure 7 (a)). As for the number Ng, it fluctuates a lot
with x; and can reach values between 50 and 200 for
many x, (see Figure 7 (b)).

At the scale of the representation in Figure 7 (a) it
seems that, for example, the whole interval [0.3, 0.4] is

part of the BA for orbit P1(6). A reduction of numerical
investigation only at this interval, with a greater
fragmentation of it, shows that there are, from place to
place, points x; in the BA of period-2 orbir (see Figure 7

(©).
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Figure 7 (a) Basins of attraction of the period-6 orbit
Pl(s) and period-2 orbit obtained by using law (6)
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Figure 8 (a) Basins of attraction for the nonzero fixed
point (blue colour), period-2 orbit (red), period — orbit
P (black) and period — 6 orbit P’ (cyan), obtained by
using the law (7)
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Figure 8 (b) The associated number of iterations until
stabilization

The law (7) begins to prove its superiority starting
with s = 4 both in terms of the speed of the stabilization
process, and in the percentage of initial conditions x;
leading to a stable orbit. All the orbits with period
divisor of s have a chance to be detected and stabilized.

Thus, for s = 6, 446 of the 500 starting points x;
had, as a result of application of law (7), a stabilized
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cycle: 41 found the nonzero fixed point, 46 the period-2

orbit, 205 the orbit P and 154 the orbit P®. In
addition, the number Ng was much smaller than for the
law (6), regardless of the stabilized orbit, as shown in
Figure 8.

4. CONCLUSIONS

In the paper we have numerically analyzed a chaos
control technique called prediction-based control
method. The simulation were carried out on a one-
dimensional mapping describing the malignant tumor
growth. The main conclusions of our study can be
summarized as follows:

i) The method allow to stabilize UPOs up to any
period for a large set of initial conditions. Its algorithm is
quite straightforward and easy to implement;

ii) There is great flexibility in choosing the control
gains. These may depend on the prior knowledge of the
orbit to be stabilized (which is a drawback) or can be
obtained only on the basis of the actual state of the
analyzed dynamical system. In the second variant, the
PBC can be used for finding UPOs before using,
eventually, other control methods. Moreover, this option
is qualitatively superion in terms of convergence,
especially for long-period orbits;

iii) When it is desired to stabilize one/all perios — s
orbits it is possible that by choosing different initial
conditions to reach the stabilization of some orbits with
period divisor of s. The associated basins of attraction
are very fragmented and decrease in length for higher
values of s.
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Abstract : The Black Sea is considered a relatively calm sea, the optimal choice for the capture process is influenced by
the wave regime and its peculiarities. This sea is characterized by winds that blow towards land with greater intensity in
January causing the sea to be more agitated and with less power in May, June and July, when the sea was the calmest of
the year. It should be noted that the frequency of strong winds is 38%, and of those of low speed of 1m/s of only 1.5%.
For the collection of oceanographic and meteorological information, data provided by the Gloria platform located in
front of Romania’s coast were is used, as well as records from the three offshore buoys anchored in the Romanian
seaside area and which are part of the EMSO EUXINUS research infrastructure managed by National Institute for
Research and Development on Marine Geology and Geoecology - GeoEcoMar. In addition, free data such as those
provided by the site of the research institute Grigore Antipa were easily accessed. Presently there are three fixed
platforms in the Black Sea. Wave energy is underexploited, both worldwide and in the Black Sea. The potential of this
type of energy is huge, and the environmental impact is low compared to other renewable energy technologies.

Key words: Black Sea, energy potential, Romanian seaside, climate.

1. INTRODUCTION - High operating price compared to other forms
of energy;
- Visual and physical impact on marine habitat;

Waves are a form of hydraulic energy present in - Capture devices may have certain leakage of
nature along with the flow energy of rivers and streams, liquids toxic to the marine environment;
sea currents or periodic oscillations of the tides. This - Merchant ships may encounter navigational
form of energy results from the combined action of difficulties.
winds + gravity + surface tension at the surface of the
sea.

The energy contained in the wave is an indirect 2. THE CLIMATE OF THE BLACK SEA IN

form of solar energy resulting from the heating of large THE ROMANIAN SEASIDE AREA
water masses of the planetary ocean, but also of the

surface of the land, thus resulting in winds. These winds

thus formed blow over large expanses of water and Marine waters are in constant motion as a result of
transmit some of their energy to them. the complex action of external factors (wind, planetary
Wave energy has the following advantages: gravitational ~ force, atmospheric pressure, earth
- Renewable and inexhaustible energy; movement), internal (differences in density and
- Huge energy potence; temperature) and dynamics of the Earth's crust
- Clean energy; (earthquakes, volcanic eruptions). The energy required
- Itis present in two-thirds of the surface of water to induce movement in ocean masses is generated
covering the globe; through the air-ocean interface [1].
- The areas in which the means of extracting this
type of energy may be arranged are areas not 2.1The currents regulation in the Romanian seaside
used by man to inhabit or exploit the land area:

(except for waterways).

Among the disadvantages are the following:

- It wvaries continuously depending on the
characteristics of the wind, season and location;

In this area is recognized a main current called the
Main Circumbasinal Current (CPC) or border. This

27
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current has a geostrophic character, which develops in
the form of a wide current of about 50 km, up to depths
of -150 m, moving with average speeds of 15-20 cm /s,
and with an average annual flow of 6Sv, which
fluctuates between 8Sv in spring and 4Sv in autumn.
CPC is distinguished at sea surface level by temperatures
of 2 to 3°C and salinity values 1-2 %o higher than shore
waters. The entire spatial and temporal structure of the
Main Current is determined by the geostrophic,
meandering and circular processes, being discontinuous
in time and very variable in space [2].

In addition to the CPC, there are two additional
currents that unfold inside the main one in reverse
direction, one in the eastern compartment and one in the
western (Figure 6). The two currents have increasingly
lower speeds and flows towards their center.

On the Romanian coast, the linear displacement
of the CPC is disturbed by the irregular appearance of
the shoreline (heads, rocks, port constructions). Leading
to formation of, three main anticycloneal current cells,
namely: Sulina Sud, Sacalin — Portita, Constanta Sud.

The data regarding the current in the Romanian
seaside area are processed starting with June 2013 by
GeoEcoMar specialists, using three EMSO-EUXINUS
offshore buoys with early monitoring and alerting
system in case of exceptional events (Figure 1).

Figure 1 EMSO-EUXINUS offshore buoy

The three offshore buoys are positioned about 50
Nm from the shore having a distance between them 30
Nm and are installed at a depth of about 80 m as can be
seen in Figure 2.
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Figure 2 Locations of EMSO EUXINUS offshore
buoys (Romanian seaside)

The EMSO-EUXINUS infrastructure, through the
components that serve it is actively involved in the effort
to study the planet's ocean by participating since 2013 in
EMSO ERIC, the pan-European research infrastructure
that coordinates research facilities and monitoring the
marine aquatic environment in Europe's seas and oceans.
EMSO, which became EMSO ERIC in 2016 consists of
a network of observatories that provide coherent data
sets containing information on surface and shallow
waters (collected through the water column) and
information on the ocean floor with aspects their
geological, geophysical, biochemical and ecological. The
research area is extensive - from the Atlantic Ocean to
the Mediterranean Sea and from the Marmara Sea to the
Black Sea, and this allows a wide range of studies of
various environments. The collected data is transmitted
to land stations via telecommunication cables or satellite
connections [3].

According to the data provided by the three
offshore buoys EUXR001, EUXR002 and EUXR003,
the current in the area where they are located has a
tendency to rotate clockwise over the course of a day
around each individual offshore buoy but in a cyclonic
sense from one buoy to another. The circulation of the
current in the coastal marine aquatory area, in the waters
where the buoys are installed, is determined by the
wind/waves, and at the outer edge (towards the open sea)
it is influenced by the Main Current of the Black Sea.
Thus, several small, anticyclonic "eddy" cells emerge
here, which penetrate discontinuously into the aquatory
shelf [4].

The data provided by the GeoEcoMar institute,
provide the direction and amplitude of the current for the
period 2013-2020 from hour-to-hour basis over the
course of a year. So, for each year there are about 8500
records of this data. The information was processed with
the help of a special program that rendered the current on
a graph in the form of a rose built so as to keep the
direction of the current to the north and the cardinal
points, having as concentric circles the amplitude of the
current in ascending order from the weakest to the most
intense for each point represented.

Thus, we can say that the theory is confirmed after
the construction of the graphs with parameters as

Cumde
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recorded by the three buoys (Figure 3 a, b and c) and
collected data processed over a period of 8 years (2013-
2020). It is worth mentioning that certain data are
missing due to the maintenance brushes of the offshore
buoys, unfavorable weather factors or certain technical
problems.

MEDIA 2013-2020

Figure 3 a) Current direction and average water
amplitude in the period 2013-2020 (EUXR001)

MEDIA 2013 - 2020

Figure 3 b) Current direction and average water
amplitude in the period 2013-2020 (EUXR002)

29

Figure 3 b) Current direction and average water
amplitude in the period 2013-2020 (EUXR003)

Analyzing the data obtained from the offshore
buoys we notice that the average amplitude of the
current registers a maximum value in April-May
and sometimes with extension towards June and a
minimum around February-March and October-
November but sometimes reaching until
December and isolated in January (figures 4, 5
and 6).

The current has a higher average amplitude the
more we move to the south, so a possible use of it
to capture energy would be justified south of the
Port of Constanta, given the constructions related
to the port of Constanta and the navigation routes
for the entrance to the port.
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Figure 4 Average current amplitude in the period 2013-2020 for EUXR001
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Figure 5 Average current amplitude in the period 2013-2020 for EUXR002
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Figure 6 Average current amplitude in the period 2013-2020 for EUXR002
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2.2The waveregim in the Romanian seaside area:

The movements of the air masses continuously
influence the formation of the waves being a primary
factor of their genesis. The energy of these air masses is
transferred to the water on a certain surface, called fetch,
and depending on this surface of action, the waves can
increase until the sea is no longer influenced by the
action of the air masses (the wind), being fully
developed as in the case of storms. Of course, the
duration of action of the wind is directly proportional to
the size and energy of the wave, time being another
factor that contributes to the generation of the waves.

Wind waves are the most widespread, and even its
action thousands of kilometers from a certain
geographical area is enough to create waves. The
displacement of the air mass upon contact with the water
layer produces the phenomenon of friction, part of the
energy of the air is transferred to the water, with the
effect of amplifying the wave [1].

According to GeoEcoMar on the Romanian seaside,
the measured wave data, are few and have low accuracy,
due to the visual estimation of the height and direction.
Recordings are interrupted during extreme events
(storms, etc.) due to low visibility, in this way the most
important data for coastal zone dynamics are missing
[5]. Starting with 2014, continues wave data are recorded
by the EMSO EUXINUS Mangalia Coastal Gauge at 5
minute interval.

Currently, a wave height measuring station is
available in Mangalia near the offshore at 15 meters
water depth in front of Mangalia city. This position is
too fresh offshore to conclude the wave regime in the
coastal area, and the information from a single station is
not enough for entire Romanian waters, but useful for
southern part of Romanian coast as case studies.

The wave information obtained with the lvanov
perspectometer from the Genoese Lighthouse in
Constanta requires a better appreciation of the apparatus
from the one who uses it, and the errors due to the
orientation of the coast are willful because the wave has
a tendency to orient parallel to the coast.

However, if we were to consult free sources such as
[6] we can get some information about the wave in the
area of interest, the value of the raw energy potential of
the waves near the Romanian seaside is relatively low.
The studies and researches made in the country prove
that, on each linear meter of maritime front arranged,
approximately 40 000- 50 000 kWh/year or 8-10
TWh/year can be obtained, in the case of installation of a
single continuous string of capture systems with an
efficiency equal to 100%. For a total efficiency of only
30 %, the value of the possible energy potential would
be around 2.4 to 3 TWh/year, which shows that the black
sea waves would be cost-effective if its mechanical force
generation potential is used for energy generation
purposes [7].
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Thus, according to an analysis made by [8], using
the values of the wave offered by the Gloria Platform
located off the Romanian coast, it can be concluded that
an energy with values between 3-4 kW/m is available in
the western part of the Black Sea in the Romanian
seaside area (figure 7).

1999 - 2013 MEAN WAVE POWER, Maxim Etr = 4.5 (kW/m)
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Figure 7 The wave power resulting from the
SWAN simulation for 1999-2013 [8]

2.3 Wind regulation in the Romanian seaside area:

Due to the varied configuration of the shore, the
winds form different wave fields in the Jibrieni - Sfantu
Gheorghe, Sfantu Gheorghe - Chituc and Cape Midia -
Vama Veche portions, and under the action of the SW
winds, the area between Sfantu Gheorghe and Portita
becomes a difficult area while the rest of the Romanian
coast (due to the general orientation of the NS shore) is
protected from the action of the wind. Under the action
of the north winds the whole coastline in the western part
of the Black Sea becomes very agitated, except for The
Portita Bath [9].

Although the wind direction is very variable over
the course of a year, the general north-south orientation
of the coastline and the bathymetric curves, as well as
the small distance from the observation point to the
shore, strongly distorts the distribution of the directions
of wave propagation. The asymmetry of their
distribution in the shallow area is, on one hand due to the
limitation of the fetches for the winds in the western
sector and, on the other hand, to the refractive effect that
makes the wave ridges parallel to the shoreline. Thus,
92% of the observed waves propagate from the NE-E-SE
sector [10].
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Thus, analyzing the data provided by the EUXR001
offshore buoy we notice that the wind direction in this
area is maintained in the SE dial as shown by Figure 7.

Figure 7 Wind in anchorage position of the
EUXR001 offshore buoy for the period 2013-2020

The local wind, such as the breezes, the
mountainous circulation of the valleys, around the Black
Sea, have a remarkable impact on the atmospheric
condition in the coastal area [11]. The speed of the
breezes varies between 1-3 m/s along the shore, and
offshore it is 4-6 m/s.

3. CONCLUSIONS

The hydrodynamic processes that take place in the
marine environment are generated by the complex
phenomena of the interactions between the sea and the
atmosphere.

The exchanges of kinetic energy between the two
environments cause the formation of sea currents and
waves. The availability of wave data measured over a
long time period in the Romanian offshore northern part
is non-existent.

Another important issue that should be taken into
account is that the dynamics of the coastal processes in
the western side of the Black Sea is usually very high
and the marine energy farms can play also an active role
in the coastal protection.

Thus, although a power of about 4 kW/m would be
available offshore, converters can be built that would
operate at a lower wave power (1 MW — 2 MW), specific
to the area in the immediate vicinity of the shore
(Constanta Port area or further south of the coast).
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ENERGY EFFICIENCY IN CONSTANTA HARBOR- A THEORETICAL ASSESSMENT
OF THE PERFORMANCE OF A HEAT PUMP FOR HEATING NEEDS, FOR A LESS
POLLUTANT ADMINISTRATION OFFICE

Feiza MEMET

Constanta Maritime University, Faculty of Naval Electro-Mechanics, 104 Mircea cel Batran Street, 900663, Constanta,
Romania, e-mail address: feizamemet@yahoo.com

Abstract: In accordance with the present energetic exigencies, the energy consumption in port buildings is of a vital
importance. From this perspective, heat pumps are less pollutant and more energy efficient options than the traditional
heating technologies. This study focuses on an air source heat pump (ASHP), operating in an administration office
located in Constanta harbor, Romania, in order to supply heated water during December of 2020. Electrically driven
heat pumps are seen as a successful alternative to classical expensive heating means, such as electrical heating or the
one based on fossil fuels combustion. Within this research, are investigated influences of the heated water temperatures
and exterior air temperatures on the theoretical Coefficient of Performance, the compression ratio and the discharge
temperature. The cycle is working with R134a, with 5°C superheating and sub cooling. It will be considered that the
heated water is supplied in the range (40-50) °C, while the outdoor air temperature varies in the range (0-10) °C.
Obtained results show that the highest efficiency of the ASHP is obtained for the lowest value of the heated water
temperature and for the highest value of the outdoor air temperature. This situation corresponds also to the good
working of the compressor of the refrigeration plant, since are seen lowest values of the compression rate and the
discharge temperature, as well. This means that the compressor do not consume high amounts of energy and the oil is
not damaged because of high temperatures of the refrigerant vapors.

Key words: heat pump, building, pollution, freon R134a, efficiency

1. INTRODUCTION provided by their use on large scale, with the mention
that the performance of ASHPs is directly related to the

Heat pumps are technologies used to transfer heat outdoor air temperature [3].

from a cold source to a hot source, with energy An important issue connected with HP is the

consumption and are met in heating, refrigeration or air refrigerant in use — which should show some features,

conditioning applications; air source heat pumps (ASHP) such as: chemical stability, environmental behaviour,

are used to serve heating systems, seen that the hot water safety, good thermodynamic properties, compatibility

supply is required all year long [1]. with oil and materials, availability on the market or low
These systems do not produce heat, but they costs [4].

transfer it between sources of heat. Heat pumps (HP) do Refrigerants responsible with ozone layer depletion,

not use traditional fuels in order to produce energy in the such as CFCs (Chlorofluorocarbons) and HCFCs

place it is required, so that they are environmental (Hydrochlorofluorocarbons) are subjects of international

friendly. regulations in respect with their use and production, a
This important feature of HPs place them on a very brief summary being given below [5]:

good position, when talking about energy efficiency in Montreal Protocol — 1987,

buildings, in the global warming challenge context; also, Helsinki meeting — 1989,

they are interesting systems in other context: energy London revision — 1990,

savings in buildings while the energy demand is on Nairobi revision — 1991,

ascending trend [2]. Copenhagen revision — 1992,
Due to the fact that HPs are efficient and energy Bangkok revision — 1993,

saving systems, hot water supply inside buildings is Vienna revision — 1995,
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Montreal revision — 1997,

Beijing revision — 1999.

The environmental impact of refrigerants is
assessed throughout ODP (Ozone Depletion Potential) —
related to the depletion of the ozone layer because of
chlorine based gases and GWP (Global Warming
Potential) — related to the assessment of gases
greenhouse effect, in connection with their radiative
properties relative to carbon dioxide in a specific time
setting; nowadays, HFCs (hydrofluorocarbons) are used
in a wide range of refrigeration systems, R134a being
one of the most common (see its main properties in
Table 1 [6]).

Table 1. Main properties of R134a (CH2FCF3)

Boiling point (°C) —-26.074
Critical temperature (°C) 101.06
Critical pressure (MPa) 4.06
ASHRAE Safety group Al
ODP 0

GWP (100 Years) 1430

In our modern times, it is known the fact that
buildings are high energy amounts consumers, this is
why heat pumps are interesting technologies for these
establishments; seen that the outdoor temperatures have
a major influence on heating function of HPs, the Black
Sea area climate offers the opportunity of obtaining
maximum efficiency of these technologies [7].

Despite the moderate climate, in cold ones the
performance of the HPs decreases massively because of
the important temperature gap between the cold source
and the heat sink, especially in the case of air-source
HPs [8].

Based on the above mentioned, this paper deals
with the theoretical assessment of the performance of a
heat pump for heating needs, the HP taken into
discussion being an air-source type (ASHP).

The ASHP should operate in a building located in
Constanta/ Romania — a port city at the Black Sea.
ASHP provides heated water during December 2020.

The refrigerant in use is R134a. Will be analysed
the influence of the condensation temperature on the
Coefficient of Performance and the influence of the
evaporation temperature on the Coefficient of
Performance, on compression ratio, on the compression
discharge temperature.

2. METHODS AND MATERIALS

34

The thermodynamic analysis on which it is
developed this study, relies on the schematic layout of
the single stage vapour compression system of the ASHP
and the mathematic formulation — provided below [9,
10].

Cd Ev

Figure 1 Schematic layout of the considered ASHP
(Ev — evaporator; C — compressor; Cd — condenser;
TV - throttling valve)

The theoretical Coefficient of Performance (COP)
of the ASHP it is defined to be the ratio between the
specific heat load in the condenser (qcy) and the specific
work consumed by the compressor (l), terms given by
the enthalpy differences at the outlet and inlet of each
component (h).

cop=Yu _ N2 -

| h, —h, @)
The condensation temperature is assessed with:
tyg =ty +8°C 2
where: t,,s — temperature of the supplied water.
The evaporation temperature is assessed with:
ty =t —8°C (3)

where: t., — temperature of the exterior air.
3. RESULTS AND DISCUSSIONS

The results are obtained for the following data:

e the evaporation temperature, to, varies in the
range (-8; 2)°C

e the condensation temperature, t, varies in the
range (48 - 58)°C

e the exterior air temperature, tg,, varies in the
range (0 + 10)°C

e the water is supplied with temperatures, ts,
between (40 + 50)°C

e superheating of vapours and sub cooling of
liquid refrigerant: 5°C.
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From Figure 2 can be seen the dependency between
the theoretical Coefficient of Performance (COP) and the
condensation temperature (t;), for a given evaporation
temperature (to).

401

58
f ("C}

Figure 2 Dependency (t.q — COP), when t, = 5°C

When the condensation temperature increases, the
Coefficient of Performance decreases, for a given value
of the evaporation temperature.

This is due to the fact that a higher difference
between evaporation and condensation temperatures
leads to a higher difference between pressures.

Thus more work will be requested for the operation
of the compressor, resulting a lower performance of
ASHP.

From Figures 3, 4 and 5 can be seen the dependency
between the theoretical Coefficient of Performance
(COP) and the evaporation temperature (o), for different
values of the condensation temperature (t;) and supplied
water temperature (t,s).

6.57

875

t ('C)
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Figure 3 Dependency (t, — COP), for t. = 48°C and t,s =
40°C

cap

b (°C)

Figure 4. Dependency (t, — COP), for t, = 53°C and t, =
45°C

-

. 3 t (C) !

Figure 5 Dependency (t, — COP), for t. = 58°C and t,s =
50°C

The Coefficient of Performance increases together
with the increase of the evaporation temperature due to
the fact that increases the refrigeration effect and
decreases the work input at the compressor.

Also, it is observed that COP values are higher when
the condensation temperature and the supplied water
temperatures are lower.

The ASHP performance is highest (6.57) when the
supplied water temperature is at its lowest value (40°)
and the outdoor temperature is at its highest value (10°).
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Figures 6, 7 and 8 indicate the influence of the
evaporation temperature (to) on the compression ratio (B)
— given by the ratio between the condensation pressure
and the evaporation pressure; for each case, the
condensation temperature (t.) is kept constant.

16
(-)
5l
43
4 3 1t ()
Figure 6 Dependency (t, — p), for t. = 48°C and t,s =
40°C
! 64
p
(=) "
47
3 1 A

Figure 7 Dependency (t, — B), for t. = 53°C and t,,s =
45°C

51

=
L

3 3 2
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Figure 8 Dependency (t, — B), for t. = 58°C and t,,s =
50°C

The compression ratio decreases with the increase of
the evaporation temperature, when the condensation
temperature is kept constant, due to the fact that the
decrease in the gap of temperature values leads to the
decrease in the gap of the pressure values.

Lower P values indicate a lower energy consumption
at the compressor.

Since compression ratio has to have low values, the
best situation results to be when the outdoor temperature
is at its highest value (10°C) and the supplied water is at
its lowest value (40°C), for which B = 4.3.

The influence of the evaporation temperature
variation (tp), when the condensation temperature (t.) is
kept constant, on the compressor discharge temperature
(t)) itis given in Figure 9, Figure 10, Figure 11.

7

66

Figure 9 Dependency (t; — t,-), for t. = 48°C and t,,s =
40°C
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Figure 10 Dependency (t, —t,-), for t. = 53°C and t,,s =
45°C

tr %

-
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Figure 11 Dependency (t —t,.), for t. = 58°C and t,,s =
50°C

The discharge temperature decreases with the
increase of the evaporation temperature, when the
condensation temperature is kept constant. This
temperature should have values for a good stability of
the oil and for a long life of the compressor. Thus, the
best t,- value is 66°C, obtained for the highest outdoor

temperature (10°C) and for the lowest value of the
supplied water (40°C).

4. CONCLUSIONS

Analysing the results obtained within this study, the

following conclusions are formulated:

e R134a is a refrigerant suitable for the use in
HPs, according to the international regulations

e The Coefficient of Performance of ASHPs
depends on the temperature of the heated water to be
supplied

e The Coefficient of Performance of ASHPs
depends on the outdoor air temperature

e Since the above mentioned temperatures
influence the values of the condensation and evaporation
temperatures, results that they have influence also on the
values of compression ratio and compressor discharge
temperature

e  The best values of the performance indicator
(COP) of the analysed HP was seen in the case in which
the ASHP is working when the outdoor air temperature
has its highest value — from the considered range and the
heated water is supplied at the lowest temperature value
- from the considered range:

COP = 6.57, for t., = 10°C and t,s = 40°C.

e  The assessment of the other parameters —
specific to the cycle, able to indicate an efficient
operation of the considered ASHP is in the same trend:
lowest values for the compression ratio (f) and the
discharge temperature (t,;) are obtained also for t,s =
40°C and t,, = 10°C:

B=4.3 and t,, = 66°C.
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Abstract: Water pollution is one of the most significant problems in the world today and is a global problem. Surface
water pollution in streams and reservoirs is reflected in the deterioration of the quality of aquatic ecosystems, including
those that occur in their vicinity or follow them. Lack of quality drinking water is one of the main causes of various
diseases, which can lead to death, especially in developing countries. Therefore, it is important to detect water pollution
in time and anticipate how it could develop and be transported in the stream. Measurements on a physical model are
time-consuming and economically demanding, but for a given locality it can provide comprehensive information,
including the proposal of possible measures and their verification. It is also a suitable approach for calibration and
verification of mathematical models. One of the main tasks in the physical modelling of the spread of pollution in the
stream was to find a suitable substance that would simulate the pollution without being aggressive towards the water
pumping circuit. The method of electrical impedance spectrometry was chosen for its detection in the stream.

Key words: pollution, water, stream, electrical impedance, physical model.

1. INTRODUCTION The main division of water pollution can be
considered the division according to sources, i.e. local

Water is a phenomenon which, together with air and pollution, which can involve households, businesses,
soil, represents the basic conditions of life on Earth and farms and the like, and pollution of territorial units,
has accompanied humanity since the beginning of its where the behaviour of polluters can be transmitted to
existence. It is a very important raw material, a other entities, such as flushing fertilizers and pesticides
substance mediating transport, a building material for the from fields including their penetration into groundwater.
bodies of living organisms, a valued commodity and a Another classification factor assessing pollution
tool for relaxation and the implementation of leisure may be its origin. Here we can basically talk about
activities and other activities. Natural water sources can biological, chemical and physical pollution. While
be divided into surface and subsurface and they are biological pollution of water is caused mainly by organic
water sources that can be used as a source of drinking substances (faeces, silage liquids, etc.) and in the case of
water for the population or in the technological process physical pollution it is mainly pollution by radioactive
(irrigation, supply, etc.). At present, developed industry, radiation (e.g. during uranium mining or storage),
agriculture and other fields of human activity, including thermal pollution e.g. during drainage of cooling water
significant interventions in nature and the alternation of from power plants and mechanical pollution, e.g.
dry periods with torrential rains, floods and tornadoes, aggradation of rivers and reservoirs, in the case of
water quality is degraded. chemical pollution it is a whole complex of possible
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causes of its formation with a significant risk of possible
identification and its consequences, because pollutants
may not always be easily observable in water.

Among the most basic forms of chemical pollution
can be pollution of oil and oil products, where the
substances form a thin film on the water surface,
preventing water oxidation and damaging bird feathers
and animal fur. It is also a category of substances found
mainly in detergents and cleaning agents, so-called
surfactants, which are surface-active, prevent gas
exchange and are toxic. If they contain phosphates, they
cause water eutrophication. Another large group is
polychlorinated biphenyls, which are part of hydraulic
fluids, paints and lubricants. They are toxic and
carcinogenic substances that settle in adipose tissue and
seriously damage the immune system, nervous system
and skin. The application of fertilizers and pesticides
remains a current problem, although their use is limited
and controlled. However, from metals and immissions,
heavy metals enter the waters, which accumulate in
reservoirs, into the organisms of fish and waterfowl and
through them also humans. A similar phenomenon is
represented by drugs. Therefore, it is important to detect
water pollution in time, identify its source, anticipate its
development and transport in the stream and apply
measures leading to its disposal and remediation, which
will be most suitable for a given type of pollution and
location from both an ecological and economic point of
view.

Despite the considerable complexity of the
phenomenon of the spread of pollution in a watercourse,
two main tools are offered for its at least partial
prediction, namely physical and mathematical
modelling. Both approaches must respect the design
rules and represent certain specifics of the results
presentation. The paper presents the results obtained by
physical modelling [1, 2, 3, 4] of water pollution
transport. This approach is very time-consuming, it
requires the background of a laboratory [5] with
pumping equipment with distribution circuits and
sufficient water capacity, measuring equipment and
knowledge and experience of the operator, both in terms
of craft, technical and scientific. It is obvious that the
economic demands are not negligible either. However, a
certain benefit of physical modelling is, in addition to
monitoring and examining the required one, also the
possibility of using it for calibration and verification of
mathematical models.

One of the measuring techniques that has the
potential to document the spread of pollution in a stream
is the method of electrical impedance spectrometry [6, 7,
8,9, 10, 11].

2. METHOD AND MATERIAL

To solve the problem of the spread of pollution in
watercourses by the method of physical modelling, a
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physical model of the river Opava was used [12], which
arises at the confluence of three streams Black Opava,
Middle Opava, and White Opava near Vrbno under the
Pradéd (Czech Republic). The streams originate on the
main ridge of Rough Jesenik and flow down at an
altitude of 550 m above sea level (Baltic height system).
Opava flows from the left into the Odra. In the upper
part, the river has a stony bed with a large slope and
relatively overgrown banks, after floods in the riverbed
are often infested trees. Weirs and drop structures
mitigate the steep slope.

The Opava River is a stream with a significant
transport of sediments. It transports both the bed load
and suspended load. Part of the transport is also particles
floating mainly of organic origin and flushing (washing)
from the soil of very fine particles — wash load. The
transport of sediments is uneven and unstable over time,
even with a steady flow of water. Due to aggradation and
degradation, there are changes in the shape of the
riverbed, causing changes in the flow of water and
subsequently an uneven flow of sediments. With a
unsteady flow of water, the unevenness and instability of
the transport of sediments is more significant. A
substance simulating pollution was dosed into these
complex water and sediment flow conditions.

The physical model was built on the basis of the
principles of model similarity while respecting the limits
of similarity and accepting appropriate simplifications.
The length scale M, = 30 of the model was determined so
that the model was spatially undistorted, i.e.
geometrically similar (orthogonal coordinate system
with axes x, Y, 2)

M, =M, =M, =M, =30. )
It was modelled according to Froud's criteria
Fr=_Y @

(01"

thus on the basis of the principle of the dominant
force, which is the force of gravity Fg. In the case of
using the same liquid (on the model and on the
prototype, density p = const., kinematic viscosity » =
const.), the same grain density ps and under the action of
the same acceleration due to gravity g, other considered
guantities (A) were determined using the length scale M,.
The conversion from prototype to model can then be
performed according to the relationship

Aprototype = Ivll ' Anodel ' (3)

The physical model was built in a river trough

connected to the water recirculation circuit, it is built of

a concrete skeleton with a movable bottom formed partly

by sand and partly by fine-grained gravel (Fig. 2). Both

the bottom and the banks of the watercourse are
modelled to simulate the roughness of the riverbed.
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Figure 1 Physical model of a part of the river Opava
on a scale M, = 30 built in the Brno University of
Technology, Faculty of Civil Engineering, Institute of
Water structure, Laboratory of water management
research

Figure 2 Physical model — movable bottom and
banks

Model discharges are given by the scale of the
model and the boundary conditions of similarity,
discharge from Q; can be used for the river bed.
Discharges smaller than Q; were used to determine the
initiation of movement of fine grain fractions. A constant
discharge corresponding to Qs was chosen to model the
spread of pollution (Table 1, blue line). Water was
supplied to the model from a laboratory recirculation
system, in which its temperature and water level in the
storage tank are measured.
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Table 1 The flows
N-year Prototype [m®/s] Model [I/s]

flow

Q, 15.0 3.04
Qs 65.5 13.3
Qo 91.2 185
Qo 121 24.6
Qso 166 33.7
QlOO 206 418

The model discharge is determined from the Q/h
characteristic of the Thomson weir and read from the LC
display.

After each hydrodynamic loading of the model, its
bottom was re-focused and the areas in which
degradation and aggradation occurred were identified.
During the experiment, the levels of the water surface
were also focused in selected profiles, identical to the
profiles for measuring the pollution concentration and
water level (Fig. 3).

X [m]

said discharge, the bottom was stabilized and the model
was prepared for the implementation of the experiment
of spreading pollution in the watercourse (Fig. 4).
2.1 Choice of substance simulating pollution
The substance for laboratory experiments
simulating the spread of pollution on physical models of
watercourses or reservoirs had to respect

e possibility to prepare an aqueous solution,
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the regime of water flow in the stream (an issue
related mainly to density and temperature
changes),

e did not affect the measured values by changes in
the background values, i.e. possible sticking to
the walls of the model or to the bottom material

e and in the long run it did not participate in the
destructive effects acting on the recirculation
laboratory system, i.e. it was not primarily the
cause of corrosion.

These requirements had to be wverified by
measurement with respect to the sensitivity of the
designed measuring apparatus working with the Z-meter
V.

h Imml

{90
| 80
70
— 60
[0

N 4o
130

120
10

Y [em]

. i d

10 30 50 70 90 110 130 150 170 190 210 230 250 270 290

X [em]

Figure 4 The isolines of the model bottom level h
after the hydrodynamic load

An aqueous solution of NaCl is often used to
simulate the spread of pollution in physical models. Its
advantage is the availability of economy in terms of
stock. On the contrary, the disadvantage is the change of
the measured background after application to the
physical model, because salt crystals may appear on the
unloaded model, and above all it may adversely affect
the pumping technique and its circuits, where it can
cause corrosion on metal elements. The goal of
experiment was to verify an alternative substance that
would meet the condition of availability and would not
leave negative effects after application. For this reason,
was chosen the substance Savo (solution of sodium
hypochlorite), which is commonly used in households,
and therefore, in addition to the condition of economic
and quantitative availability, it also meets hygienic
conditions.  Aqueous  solutions  prepared from
commercially available and inexpensive preparations
Savo original, Savo gel and common salt NaCl were
used and verified. An aqueous solution of the deep blue

1 5110
+ B100

42

food colouring available under the trade name Brilliant
Blue E133 was used to visualize the flow (Fig. 5).

2.2 Measuring probes and apparatus

The construction of measuring probes had to meet
several basic specific requirements:

o sufficient rigidity to prevent possible oscillations
when placed in a watercourse,

e easy manual handling of probes,

e ensuring point measurement in specified profiles,

e ensuring good contact of the measuring electrodes
with the measured liquid,

e a sufficient number of probes to monitor areas of
expected pollution,

e a uniform area of the measuring electrodes to
reduce the uncertainty of the measurement of the
electrical impedance caused by the contact of the
electrode with the monitored liquid,

e inability air bubbles adhering, including air or
others particles dissolved in water,

e not affecting the flow of the monitored liquid by
placing the probe.

Ensuring the above requirements led to the
construction of the probe from a flat double line
represented by a pair of insulated copper conductors -
wires with a diameter of 2 x 2 mm, the insulation around
each conductor is 1 mm thick. The diameter of one
electrode is 4 mm, the diameter of the probe is 8 mm and
the axial distance of the measuring electrodes is 4 mm
(Fig. 5).

During the construction of the probe, great attention
had to be paid to the machining of the measuring
electrodes, when the copper conductor was cut vertically
and the insulation was free of any burrs, thus ensuring
the same area of the measuring electrodes for all probes.
Furthermore, it was necessary to eliminate the possibility
of deformation of the velocity field by placing the probe
in the flowing liquid. For this reason, the double
insulated copper wire was bent at a right angle at the
bottom. This caused the measuring part of the probe to
be suspended in front of its guide part by 5 cm.

The swelling of the water level by the guide part of
the probe did not affect the water flow or the monitored
simulated water pollution.

The total number of probes was 15 and they were
installed in two rows in numbers 1 to 7 and 8 to 15.

Due to fixed fixation and locking in the horizontal
and vertical direction, the probes were mounted in two
wooden prisms, the pollution concentration was
measured in one horizontal level.
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Figure 5 Detail of point measuring probes and their
mounting on the model

The measuring apparatus (Fig. 6) with Z-meter IV
device was realized by solving the project E! 7614 [15].

The electromagnetic properties [16, 17, 18] of the
test environment are recorded in the measured resistance
R [Q] and reactance X [Q] [9, 10]. The inverse value of
electrical conductance G [S], which was further worked
with, was calculated from the measured value of
resistance

G R 4)

The parameters of the Z-meter IV measurement
were as follows for all experimental variants:

« measuring frequency f = 8 kHz,

« amplitude of measuring voltage U =1V,

* measurement period T = 100 ms,

* number of measurement repetitions n = 10.

Other monitored variables were the temperature of
the loading water t0 = 21,2 °C and the temperature of
the air t; = 27,6 °C in the laboratory measured by
THERM 2285-2 device using temperature probe and the
same device was used for point velocity measurement by
laboratory propeller probe.

Water from the recirculation system was used to
prepare the aqueous solutions for experiments on model
(the reason was to maintain the same electrical
conductivity and temperature in all experiments).

The salt weights were determined with KERN 822-
824 scales (weighing capacity up to 2 kg, sensitivity 0.01
g), the liquid substances were measured in calibrated
measuring cylinders.
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Figure 6 Z-meter IV device during measurement

2.3 Probe calibration

Calibration of probes means the determination of
the dependence of the measured electrical conductance G
on the concentration ¢ of an aqueous solution of a given
substance. Many measurements were performed for all
selected substances.

However, their presentation is beyond the scope of
the contribution, and therefore only an example of the
procedure and results achieved for substance Savo
original is given below (Fig. 7). From all tested, the
substance was chosen due to the time duration of the
experiment on physical model and its non-aggression
towards the recirculation system and relatively quick
disappearance from the environment in which it was
used.

Distilled water was used to prepare a calibration
aqueous solution of the individual substances in order to
eliminate the measurement uncertainty due to the
conductivity of the ions contained in the drinking water
or in the water from the storage tank of the recirculation
laboratory system.

Solutions were prepared and calibrated at the
temperature 23 ° C.
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Figure 7 Dependence of electrical conductivity G
on the concentration ¢ of aqueous solution Savo original
(The number in legend is number of the probe in all
similar results in this text.)

From the above characteristics, 1.7 % variance can
be stated between the maximum and minimum value of
electrical conductance measured by individual probes in
distilled water and 2.4 % in Savo original. This result
can be considered adequate due to the experiment of
spreading pollution in the stream. It is obvious that the
concentration of the aqueous solution Savo original the

dependence shows a very good coefficient of
determination (Table 2).
Table 2 The relationship ¢ = f (G)
proe relatinnship‘for coefficient of relationshipl fr coefficient of
number tonentrion (etermination rncentrtin (etermination
up fo 100 % upto 50 %
[ {e=00011G+69734 096 ¢=0003G-1.242 097
1 {e=00083G+7.1151 095 c=0004G-1.14 09§
I {e=00012G+64939 094 c=0003G-0913 099
4 {e=00014G+8.0082 097 ¢=0.004G-1.033 099
5 [e=00012G+06.8674 09 ¢=0004G- 0938 099
6 [e=00013G+7.2968 095 ¢=00MG-1214 09§
T {e=00012G +T765% 087 ¢=0.004G-0.801 082
8 [e=0.0011G+06.8039 096 ¢=0003G-1.72 098
8 {e=00012G+7.78% 092 ¢=0004G-1.042 098
10 [e=0.0010G+069146 092 ¢=0.003G-1.169 098
11 [e=00013G+06.87% 095 =0.004G-0937 099
12 [e=0.0009G+6.8671 092 ¢=0003G-1.013 099
13 [e=000126G+72245 095 ¢=0004G-0932 099
4 [e=00011G+T.119% 094 c=0.004G-0.837 099
15 [e=0.0009G+6.7949 093 ¢=0003G-1.205 098

Therefore, for experiments on the physical model,
an aqueous solution with the concentration of the
substance Savo original on the middle of the range
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means ¢ = 50 % in a total volume of 0.015 m® was
prepared and dosed was below the water level in the
channel of Opava river model. Furthermore, a test of the
time changes of the values of electrical conductance G
was performed (Fig. 8), i.e. the determination of the
fading time of the effect of the substance Savo on the
measured background.

—G_aqueous solution of Savo original
—G_water from reservoir
X

X [€2]

_Gno’sy

— = -

Figure 8 Time change of electrical conductance G
of aqueous solution ¢ = 50 % of Savo original prepared
from water from the storage tank

Based on the achieved result, it can be stated that
after about 2 h, the G values of the aqueous solution of
Savo original were measured at the same level as for the
water from the storage tank. This verified the assumption
that the aqueous solutions of Savo original used would
not affect the values observed in the experiment. On the
other hand, they defined a time limit for its duration
which can be about 70 minutes.

3. RESULTS AND DISCUSSION

The following section presents some of the results

achieved in the implementation of experiments of the
spread of pollution in the stream on physical model in
laboratory conditions.
3.1 The water surface level and point water velocity
The water surface level and the point velocity (Fig.
9) was performed in identical coordinates as the
measurement of the pollution concentration. The
distances on the X-axis are related to the left wall of the
river channel.

The lowest value of the point velocity was
measured in the left overbank of the cross-section and
ranged from 0.001 m/s to 0.28 m/s. The highest value
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ranged from
0.30 m/s to 0.47 m/s, and was determined in the channel.

This result confirms the deformation of the bottom
of the model, which is most pronounced in the channel
of the cross-section and the main line of pollution spread
(Fig. 5 — dark blue colour).
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Figure 9 Example of measured water surface level
and point velocity, Qmoger = 0.0133 m?/s,

3.2 The electrical conductance of water from the
storage tank

The electrical conductance G of the water flowing
from the storage tank of the recirculation system was
determined by individual probes (Fig. 10). Said
measurement determined the so-called background value
of the experiment, which further served to control and
possibly eliminate changes in background values after
the addition of a solution with a simulating substance.
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From the above characteristics, a 46.1 % variance
can be stated between the maximum and minimum initial
value of electrical conductance measured by individual
probes. It can be assumed that the characteristics of the
copper conductor used (the source was not one) and the
machining of the probes during production contribute to
the value of the said variance. Furthermore, it can be
observed that the measured G values are constant over
time on some probes and some show a slight increase in
the range of up to about 4.5 %. It is possible to assume
that small impurities leached out of the moving bottom
of the physical model, for example, contribute to this
phenomenon. An approximately 8.5 % increase in G
values over time is then determined for probe 3 and
probe 6.
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Figure 10 Dependence of time change of electrical
conductance of water, Qmoger = 0.0133 m%/s

On the other hand, the positive result is the fact that
the mentioned characteristics did not show qualitative or
quantitative changes in the repetitions of the experiment.
At the same time, they confirmed that the substance
Savo original had disappeared from the model. This
ensured the same initial conditions for all experiments.

3.3 Time change of electrical conductance during
the application of a pollutant

A substance, Savo original ¢ = 50 %, simulating
contamination was dosed below the surface into a steady



ISSN (Print): 1844-6116
ISSN (Online): 2501-8795

https://www. jmte.eu

Journal of Marine technology and Environment Year 2021, Vol. Il /s

flow of water to the model while respecting the density
and temperature regime of the flow. The time change of
electrical conductivity was measured in the determined
profiles (Fig. 11).

The discontinuous loading of the watercourse by the
simulated pollution may result in two significant peaks
measured by probes 5, 13 and a smaller peak measured
by probe 14 (the position of the probes is evident from
Fig. 5). These peaks were recorded at 55 s from the start
of the measurement, while mainstream pollution was
detected at 300 s from the start of the measurement and
is evident on all probes located in the channel. It is also
an interesting fact that both maxima measured by probe
13 show a deviation of only 1.7 %.

As a final step, the values of the detected electrical
conductivity were converted according to Tab. 2 to the
values of the simulated pollution concentration. The
performed variants of the experiment, due to the
configuration of the physical model, allow the
compilation of graphical course or maps of pollution
concentration for substance aqueous solution Savo
original simulating the spread of pollution on a physical
model of a watercourse.
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Figure 11 Example of measured G time changes by
the influence of pollutant in time, Qmoger = 0.0133 m*/s, ¢
=50 % Savo original

The conversion of the values of the electrical
conductivity G to the values of the concentrations ¢ was
performed only for the active measuring probes located
in the channel. The course of the absolute values of the
detected concentration is plotted (Fig. 12). It is
determined in such a way that the background value

found in the evaluated variant of the experiment was first
subtracted from the measured value G and then the
conversion to the concentration value was performed. It
is obvious that in profile 1 the maximum value of the
pollution concentration in the position of 1.32 m was
recorded, which was also confirmed by visual
observation during the application of the aqueous
solution of the deep blue food colouring. In similar
experiments, aqueous salt solutions are used by default
to simulate the spread of pollution. Therefore, the course
found in the application of aqueous NaCl solution is
plotted in this final graph also.
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Figure 12 Example of the evaluated course of the
concentration of the pollutants detected in the channel,
Qmoger = 0.0133 m%/s

From a qualitative and quantitative point of view,
both concentrations curves of aqueous solutions of NaCl
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and Savo original are very close. The detected deviations
in profile 1 at the beginning in the position of 1.23 m is
the detected difference of 7.2 % and at the end of the
measured section in the position of 1.7 m it is 7.4 %. In
profile 2, a difference of 4.2 % is found at the beginning
in the 0.77 m position and 2.0 % at the end of the
measured section at the 1.39 m position. In the area of
the measured maximum, the deviation of the curves in
both measured profiles did not exceed 5 %. Based on the
above result, it could be stated that an agqueous solution
of Savo original could be a suitable replacement for the
standard aqueous NaCl solution used.

4. CONCLUSIONS

Based on the achieved results, it is clear that the EIS
method with the multiple frequency electrical impedance
analyser Z-meter represent a certain suitable potential in
the field of recognizing spread of the pollution in the
stream.

Extensive laboratory research was performed on a
physical model of a part of the Opava River, which is
located in northern Moravia in the Czech Republic.
Pollution was simulated by substances with specific
requirements for their detectability through electrical
conductance by Z-meter device, hygienic safety,
commercial and financial affordability and non-
aggressiveness to the laboratory pumping system.

The paper presents only partial results from
extensive measurements, but they can provide guidance
on the progress of work in similar research.

It can be stated that the advantage of the application
of aqueous solutions of Savo-based fluids can be
considered their disappearance from the physical model
in about 2 hours. This is very positively reflected in the
fact that they don't have or have negligible influence to
measured values of electrical conductance, because of
the background values of the model. However, the
negative side may be the limitation of the duration of the
experiments, i.e. the need to carry out short-term
experiments in order to ensure the values stability of the
applied aqueous solution.

Aqueous solutions of common salt are used as
standard in physical modeling. Their indisputable
advantage is a clearly identifiable change in the electrical
conductivity of the measured medium, the disadvantage
may be influencing the measured values by increasing
the salinity of the flowing medium, leaching of salt
crystals that may have adhered to some parts of the
investigated physical model and last but not least
corrosion.
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WASTE MANAGEMENT ON BOARD SEAGOING SHIPS
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Abstract: The reality remains uncomfortable, the climate crisis is coming with extreme phenomena more and more
devastating around the globe and more and more people and more and more parts of ecosystems are suffering from the
greed of large companies and lack of constructive action and coherent decision-makers.
There are various types of waste generated during operation, and to be able to implement a waste management system, it is
necessary to identify and quantify the different types of waste on board.

The purpose of this paper is to examine the responsibilities, management, handling and disposal of ship-generated
waste and the requirements for the preparation of an on-board waste management plan.
Key words: garbage, disposal, management plan, responsability, pollution, prevention, segregation.

1. INTRODUCTION AND OBJECTIVES

Garbage management needs to be undertaken on
board in order to prevent garbage entering the marine
environment or from causing unnecessary risks to health
and safety on board.

o Some items discharged overboard take extremely
long time to decompose, and remain in the marine
environment for extended periods.

. Marine animals can sometimes mistake garbage
items for food, and become entangled in the

item, or die of poisoning or suffocation and ingestion

. Rubbish washed up ashore looks unsightly

and may cause unpleasant odours, and may pose hazards to
beach / inshore water users

o Ineffective garbage management on board can
result in a health and safety risk to crew.

One of the important regulations on the topic of the
paper is represented by MARPOL Annex V, Regulation 10
()[1]

“Every ship of 100 tons gross tonnage and above, and
every ship which is certified to carry 15 persons or more,
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and fixed or floating platforms shall carry a garbage
management plan which the crew shall follow. This plan
shall provide written procedures for minimizing,
collecting, storing, processing and disposing of garbage,
including the use of the equipment on board. It shall also
designate the person or persons in charge of carrying out
the plan. Such a plan shall be in accordance with the
guidelines developed by the Organization and written in
the working language of the crew."[2]

It should be noted that, whilst it is a mandatory
requirement to have on board a garbage management plan,
this plan need not be approved by the Administration.

All vessels are required to conform with the
Company’s Garbage Management Plan [3].

The following information is designed to inform of
the key requirements and relevant considerations so that
safe and efficient garbage management arrangements can
be devised and implemented on board.

In order to comply with environmental requirements,
each shipping company must implement a waste
management plan.

The objectives of this plan are:
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. To provide managed vessels with a plan that
meets the requirements of MARPOL Annex V Regulation
10 (2) and, facilitates overall compliance with the
requirements of MARPOL and other relevant legislation
concerning the management of shipboard generated waste.
. Provide a plan to enable implementation and
achievement Environmental Protection Policy.

2. KEY RESPONSIBILITIES
2.1 Designated Person on board — Chief Officer

The Duties of the Chief Officer (Designated Person) will
include:

. Ensuring placards are displayed in accordance
with the regulations
. Ensuring that personnel are fully familiar

with, and comply with the Ship’s Garbage Management
Plan, including full familiarization and introductions for
new joining personnel, the locations of the Special Areas

designated under MARPOL regulations, in which
absolutely no discharge overboard is permitted.
. Ensuring that the persons responsible for

garbage collection, segregation and management, receive
the appropriate training and are capable of managing the
operation proficiently.

o Ensuring that sufficient numbers of crew are
responsible to work in line with the ship's requirements.
o Ensuring incineration or other treatment of
garbage in accordance with the instructions.

o Ensuring that all garbage is being stored in a
safe and hygienic manner.

. Liaising with shore authorities for port

reception facilities and details of any restrictions on the use

of incinerators in port.

. Liaising with Master and Chief Engineer on a

daily basis regarding any problems encountered with

garbage management.

. Reviewing garbage management practices on
board the ship and recommending amendments to the
plan as necessary.

o Ensuring that the Garbage Record Book is

completed and signed as required by the regulations

and the instructions of the book.

. Ensuring that the Bridge is informed of any

disposal to sea, so that the correct position can be

determined and recorded in the Garbage Record Book.

o Confirming with any relevant department on
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board and ashore if garbage collection and sorting
procedures are not in line with this policy

. The Designated Person, along with the
Environmental Officer, should ensure that garbage
management on board is suitable to meet the requirements.
Additionally, the Master shall satisfy himself during the
course of weekly vessel inspections that the requirements
of this Plan are being met and that garbage management on
board is in compliance with the regulations.

2.2 All Crew

Assistance to the Chief Officer and Environmental
Officer as requirement to ensure that the minimization,
collection separation and processing of garbage is
appropriate and efficient in all areas of the ship.

Crew members responsible for specific areas [3]:

. Deck Department — Duty A/B (as nominated by
BSN or C/O)

. Engine Department — Duty M/M and/or OILER
(as nominated by 1/E)

. Galley/Accommodation — Steward/Messman

Personnel as designated above will be responsible for
the inspection and collection of the garbage receptacles in
their area, and delivery to the ship's central collection point
as per the following schedule:

Navigation Bridge — DAILY

Galley — 3 x PER DAY

Officer Pantry — 3 x PER DAY

Crew Pantry - 3 x PER DAY

Engine Room — Control Room — DAILY
Engine Room — Workshop — DAILY

2.3 Training and Familiarization (Part of VQS21 Vessel
Familiarization)

. All personnel should be trained to recognize
different garbage types.

o All personnel should be aware of the importance
of segregation at the point of collection.

o All joining crew members should be informed that
discharge overboard of garbage other than food waste is
not permitted under MARPOL ANNEX V and that no

garbage should be discharged overboard without
permission of the Bridge /OOW [3].
. All  personnel should be trained on the

requirements relating to MARPOL Annex V Special
Avreas.
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o New Joiners should be informed of EPS targets
related to garbage disposal, and updated on the ship’s
progress in achieving them.

o All Personnel are required to participate in the
garbage management system as specified in this plan.
o Any Personnel who will be using processing

equipment (incinerators, compactors, grinders) should be
competent in their use, including the use of appropriate
PPE.

Thereafter, all personnel on board will need to be
familiarized with:

o Any changes to locations or types of garbage
receptacles

o Any changes to required sorting at garbage
collection points

) Any changes to collection procedures, processing
procedures and storage facilities

o The changes to the overboard disposal

requirements.

3. CATEGORIZATION OF GARBAGE

Garbage is to be grouped into categories for the purposes
of recording in parts | and 1l of the Garbage Record Book
(or ship's official log-book) as follows:

Part |

A - Plastics

B - Food wastes

C - Domestic wastes
D - Cooking oil

E - Incinerator ashes
F - Operational wastes
G - Animal carcasses
H - Fishing gear

| - E-waste

Part 11

J - Cargo residues (non-HME)
e K- Cargo residues (HME)

4. GARBAGE RECORD BOOK

The Master and C/O should be familiar with making
and signing off entries in the Garbage Record Book.

All activities in relation to the disposal of garbage
ashore, overboard or via the incinerator, should be
recorded in the ship's garbage record book and authorized
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by the Chief Officer. Any discharge whilst in port, should
be confirmed with port staff/shore personnel in advance of
the discharge. Reconfirmation details should also be
recorded in the Record Book.

Garbage Record Books should be retained on board
from the date of the last entry, for two (02) additional
years.

Garbage Record Books will be inspected by the
company's auditors, and non-conformities or observations
will be raised accordingly and followed up by HSE
Department [3].

Garbage Record Books will also be required for
review during internal and external ISO 14001
Environmental Management Audits [4].

Offlanding of dunnage and packaging materials
received during bulk supplies of stores / spares should also
be recorded in the Garbage Record book. This can be
recorded under Category A, Category C or Category F as
applicable with suitable remarks. Every effort should be
made to obtain receipt of off landing from the stores /
spares supplier, however where this cannot be achieved, a
self-declared statement shall be made and appended to the
Garbage Record Book.

5, SHIPBOARD
(PLANNING)

GARBAGE HANDLING

In order to implement a garbage management plan on
board which will comply with the regulations, the
following points will need to be taken into account:

1. Vessels should have a designated garbage storage

room / area. This should be easily accessible from all other
parts of the ship via short access routes but generally away
from the accommodation areas. Refrigeration may also be
useful for storing food wastes, and note that some wastes
may need to be stored for a long time [5].
2. Garbage receptacle stations should be located
separately from accommodation areas, but still easily
accessible for crew members to use. Additionally, they
should be located such that disposal to shore is a short
journey not through accommodation.

Garbage receptacles should be colour-coded as
follows (Figure 1)[6]:

e PLASTICS - (Red)

e FOOD WASTE - (Green)

e OTHERS - (Blue)

(Domestic & Operational Waste)
e INCINERATOR ASHES - (Black)
e BATTERIES, LAMPS — (Grey)
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e E WASTE - (White)
e OILY RAGS - (Black with White band)
e BIO FOULING WASTE - (Yellow with Black
Band)
e CARGO RESIDUES (HME) - (Grey with
White band)
(Applicable only to Bulk Carriers Only)

Figure 1 Garbage colour coded [6]

3. Remember that plastic items will need to be kept
separate, and any incinerator ash will have to be stored on
board for disposal ashore. No plastics, plastic ash or plastic
residues may be discharged overboard.

4, Recyclables should be kept separately as far as
possible, so that they may be taken ashore and recycled
(funds raised maybe placed into crew mess funds). Vessels
are encouraged to use recycling facilities when they are
available, and to report to Safety Department any
particularly good ports with regards to recycling services.
5. Contaminated food waste, or items contaminated
with such wastes may require special handling procedures,
including refrigeration.

6. Placards clearly demonstrating garbage collection
for each bin/receptacle should be used. Placards should
contain a summary declaration stating the prohibition and
restrictions for discharging garbage from ships under
MARPOL Annex V. Placards should be easy to understand
and use pictures to clearly identify what garbage should be
placed in what bin. They should be displayed at eye level
in areas where garbage is collected e.g. mess rooms, galley,
and bridge (Figure 2)[7].
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Phaseof Ship « generated
wasle management garbage
Collection
Ocean- Collection Non ocean-
disposable |« and » | disposal
garhage Separation garbage
No processin No processi
i E‘EIA;A (Grinder or . | Grinderor
[ |comminuter [ | comminuter
[ omgacr | { ncingraor |
»l Incinerator '| Compactor
Storage
> ¢ Discharge Incnerator |
TP ashes at sea
Doost Shorttem Discharge Shorttom
w storage garbage ashor slorage
Port reception| | Port reception| | Port reception
steriization landfil | {recyeling program
o ncinertlo

Figure 2 Shipboard handling and disposal of garbage [7]

7. These placards should be 12.5cm x 20cm, made
of durable material and fixed in conspicuous places on
board the ship (Figure 3) [8]. Placards should be replaced if
damage or wear compromises the readability.

PHASE OF
WASTE
MANAGEMENT

COLLECTION

PROCESSING

STORAGE

DISPOSAL

Port reception
recycling
program

Figure 3 Waste management onboard [8]
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8. When planning garbage handling for the duration
of the coming voyage, due attention should be paid to:

. Expected duration of the voyage, especially
between port calls.

. Number of crew on board.

. Facilities on board for waste management -

storage, compaction, grinding, incineration.

. Number of cargo operations expected
(significant volumes of garbage are generated from
port-cargo operations).

. Available facilities in each location
(including potential to utilize free services or recycling
facilities).

. Any specific local restrictions which may
impact upon final garbage disposal plan for the voyage.

. Any sanitary or safety risks of the garbage
or wastes to be stored.

6. GARBAGE MINIMAZATION

Ships should try to reduce the amount of material
taken on board that will eventually become garbage. Some
possible actions are:

0 Reject excessive packaging for shops and spare parts
delivered on board;

o If suppliers cannot remove excessive packaging,
inform the Purchasing Department. or include comments in
the supplier evaluation [9];

+ Ships should also try to minimize on-board garbage
production. To this end, on-board staff should [10]:

0 Minimize the generation of garbage on board, e.g.
reducing the printing / printing requirements on both sides
of a page;

o Consider whether an item can be REUSED before
disposal or RECYCLED instead of disposal;

0 Use storage systems and methods for reusing
drainage, support, lining and packaging materials

0 Use the unloading in the port reception facilities of
lining and packaging materials generated in the port during
loading activities, as discharge into the sea is not permitted.
Ships should try to reduce the amount of material taken on
board that will eventually become garbage. Some possible
actions are:

0 Reject excessive packaging for shops and spare parts
delivered on board,;

o If suppliers cannot remove excessive packaging,
inform the Purchasing Department. or include comments in
the supplier evaluation;
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» Ships should also try to minimize on-board garbage
production. To this end, on-board staff should:

0 Minimize the generation of garbage on board, e.g.
reducing the printing / printing requirements on both sides
of a page;

o Consider whether an item can be REUSED before
disposal or RECYCLED instead of disposal;

0 Use storage systems and methods for reusing
drainage, support, lining and packaging materials;

0 Use the unloading in the port reception facilities of
lining and packaging materials generated in the port during
loading activities, as discharge into the sea is not permitted
[11], [12], [13], [24].

7. CONCLUSIONS

All garbage generated on board should be collected at
designated garbage collection points. No garbage may be
immediately thrown overboard [10].

All garbage should be sorted in the Central Garbage
Collection Point and segregated according to the
requirements as documented in this plan.

Any food waste which is to be disposed of to sea must
be done so with the permission of the C/O or OOW, and
appropriately recorded in the Garbage Record Book part .

Any Cargo Residues which are to be disposed at sea
must be done so with the permission of the C/O, only the
residues that are not harmful to marine environment (non-
HME) are permitted to be discharged at sea as per
regulation 4 and 6 of MARPOL Annex V.

The disposal should be appropriately recorded in the
Garbage Record Book part 11.

All other garbage should be either discharged to
shore, or incinerated accordingly.
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ANALYSIS OF THE ENGINE STRUCTURAL AND THERMAL STRESS
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Abstract: The paper aims to analyse the demands of four-stroke naval pistons. To begin with, a brief analysis of
the evolution of shipbuilding was made. Mechanical requests are produced by the gas pressure force and inertial force
of the alternate moving masses. Under its action the piston suffers an axial deformation. The thermal demands
appearing in the engine are all the more important as the engine power is higher. The possibility of calculating them is
more difficult due to the complexity of the thermogazodynamic phenomena in the engine cylinder. Thus, in the piston
head, which comes in contact with both the hot gases and the fresh (much cooler) load, a non-stationary heat flow is
installed which leads to a certain thermal regime of the engine. Considering the demands outlined in the last chapter,
they lead to the final conclusion that although the most unfavourable loading situation was considered as the maximum
pressure during the processes and even exaggerated in establishing the working conditions, the piston is still close to the
elastic limit. This demonstrates that the way of calculating the dimensions of the piston is correct and safe, as long as its
constructive dimensions are not oversized.

Key words: engine, structural, thermal, stress, piston, load.

1. GENERIC PROBLEMS Pumps required for engine operation as a feed pump,
lubrication and cooling pump are mounted on the motor

During the compression stroke, the air is pressed in and driven by gears from the crankshaft.
the anteroom through the holes in the diffuser and ignites On the right side of the engine is the injection pump with
a small part of the injected fuel as the compressed air the speed controller.
temperature in the ante chamber rises above the ignition The fuel pump is mounted on the injection pump
temperature of the fuel. This partial firing produces an which is driven by a cam of the camshaft of the injection
increase in the pressure in the ante chamber and sends pump. The pump is also provided with a hand pump for
the fuel unrelated to the cylinder through the holes in the priming when the engine is off.
diffuser at the beginning of the combustion stroke. Fuel The oil pump is mounted on the bearing cap no.l
mixes with hot air, producing burning and thus and works submerged in the oil bath.
developing mechanical work. Increased pressure pushes The water pump is mounted on the rear right of the
the pistons downwards and rotates the knife shaft engine crankcase. A pump for cooling water through the
through the blades. The output power is transmitted auxiliary water can be mounted in front of the engine
further through the clutch mounted to the crankshaft and is supported by a trapezoidal belt from a wheel fixed
flange. to the crankshaft end.

The crankshaft is supported on 7 floor cams located The oil bath is cast from aluminium, with the recess
in the engine crankcase. The rear bumper is the leading in the back, which serves as a reservoir for the oil circuit.
one. The bellows work 2 on a mane, and are fitted with a Inside the oil bath is provided with 4 stiffening
cuff on the head and a bronze bush on the leg. transverse walls having communication ports. There is

Each cylinder has two exhaust valves and two an oil drain plug in the back. The oil pan has a cast frame
intake valves, the stroke of which is made by a camshaft and holes for fixing to the engine crankcase.

and by push-pulls, pushing spikes and spikes.
For supercharged engines, the intake connections are
connected by a collector with the starter blower stator
(Figure 1).
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Figure 1 Engine type MAN 2842LE403

2. THERMAL CALCULATION

Thermal calculation of naval diesel engines aims at
determining the state of the motor fluid state in its
evolution during the operating cycle. With the help of
these sizes, you can draw the indicated operating cycle
diagram, which can be used to determine the main
engine dimensions: the indicated and effective
parameters, the main engine dimensions, the power and
economy of the engine, and the forces acting on the
engine parts.

According to the calculation method, analytical
methods and graphical methods are based on
thermodynamic diagrams.

By performing the thermal calculation, the state of
the motor fluid state in its evolution within the operating
cycle is determined. With the help of these sizes, you can
draw the indicated operating cycle diagram, on the basis
of which you can determine the main engine sizes: the
indicated and effective parameters, the main construction
dimensions, the engine power and economy, and the
forces acting on the engine parts.

Engine data:
Pe [kW] = 528 kW;

n = 1800 [rot./min];
i=12V;

T=4;

D=128 mm;
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S=142 mm.

Since the increase in compressed air pressure and
temperature increases its density, which leads to major
calculation errors, the air is cooled in one or two chillers,
depending on the compression level of the air and
therefore the temperature of the air at the compressor
outlet.

Between the two values obtained there is a
percentage error that does not exceed the permissible
limit of two percent:

—_TWn
AT, =22 1.100=
T 0,72466457 % ( 1)
Fluid pressure:
Pa=¢&aps= 2,464-105 Pa. 2
Fluid volume:
M, R e T,
Va — am-a am’'a a —
Pa 11,71926861m°  (3)
Fill coefficient:
o e-p,: Ts _
(e-1)-@+v,)psT, 0,96. ()

The values obtained fall within the experimental
limits indicated in the literature. Thus, for supercharged
engines, pa = (1,056 .. 3,85) 10° Pa. Also, for
supercharged engines, the temperature Ta has values
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between 300 and 400 K and the fill coefficient Av
between 0.85 and 1.10.

To determine the average polytropic exponent of
the compression process, the expressions of the average
specific molar heat of the engine fluid are calculated
initially. Using the expressions of the specific heat of the
components and the composition of the motor fluid, it
results:

We have values:

-pressure:
Pc = Pa €NC = 7,26268244-106 Pa ; (5)
-volume:
Ve = V,/e = 0,976605 m*; (6)
-temperature:
T =Tt =g15.726°k.. %

The usual values of these parameters in the case of
supercharged engines are: pc = 5 ... 10 MPa and T,
respectively = 700 ... 950 °K. Therefore, the results
obtained fall within the specified limits.

Based on the simplified hypothesis that internal
energy varies linearly by temperature, this variation is
plotted. Corresponding to this graph the temperature Ty
= 1291 °K is obtained. The exact value of this
temperature is:

(U am"y" u aml)

T, =T, +(T,-T,)-
g ' ( ’ 1) (Uamz_Uaml)

= 1479,17 °K;
©)
Vy =V, =0,9766 m>. (10)

Fluid pressure in the end of burning:
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y = 11,8961-106 Pa
(11)
A pressure increase ratio is thus achieved:

_Py
P,

1,63. (12)

The wvalues obtained correspond to the
experimental limits between the parameters of the motor
fluid in the state "y". Thus the temperature varies
between 1000 and 1500 K and the pressure varies
between py = 8 ... 14 MPa for overcharged engines.

Based on the simplified hypothesis that internal
energy varies linearly by temperature, this variation is
plotted. Corresponding to this graph, the temperature is
Tz = 2021 K. The exact value of this temperature is:

Tz — Tl + ('I-2 _Tl) ) (Iam"z" — Iaml)

}\'P

(lano = Tam) = 2011,36363 °K.
(13)
Fluid pressure :

p, =py = 11,8961-106 Pa; (14)

V, - Mg " Rame = T,
Volume : P, =1,3567 m* (15)

Ve

Vi 13892, (16)

Based on previous calculations, the operating cycle
diagram shown in Figure 2.
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Figure 2 Indicate diagram
' - ' ' — NS = 3.
L =p (V. ~V)+ p,V, —p, -V, N A A V=iV’ =24,8977 dm (22)
n, -1 n, -1
= 3,6560-103 J; (17) Error:
- . D(imp.) _ D(calc)
bore: AD = \ - _
D™ 0,33 %. (23)
4V, = Vo)
D=10°3 . = Effective power:
Va 12836 mm;  (18)
Ke: Mo @b
-stroke: © 30000t 529,77 kW
S=wd - D =142,532 mm; 19
v (19) (24)
R = S/2 =64,266 mm. (20)
10°7D%S
V, = = 3
4 2,0748 dm (22)
3. ANALYSIS OF THE ENGINE operation, which is also called meshing, can be done

STRUCTURAL AND THERMAL STRESS
3.1. Steps to solve a problem using the finite element
method

Step 1. Partition the analysis domain into finite
elements. At this stage, the analyst chooses the type or
types of fine elements appropriate to the problem solved,
then divides the structure into finite elements. This
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using the computer. The finite element type is defined by
several features, such as the number of dimensions (uni-,
bi-, three-dimensional), the number of element nodes,
associated approximation functions, and so on. Choosing
the type of finite element is of great importance for the
internal memory needs, the computing effort imposed on
the computer and the quality of the results.
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The starting point for the mathematical construction
of the different finite element methods is the observance
of the following principles:

e using an approximation based on the use of

simpler elements, for which we have a solution;

e Increasing the accuracy of the calculation by

refining the discretization.

Step 2. Formation of the equations of the finite
elements (elemental equations). The behavior of the
material or environment within a finite element is
described by the equations of the fine elements called
elemental equations. They make up a system of
equations of the element.

Elementary equations can be derived directly, by
variational method, by the residual or residue method
(Galerkin) or by the energy balance method.

Step 3. Assembling elementary equations in the
system equations of the structure. The behavior of the
entire structure is modeled by assembling the equation
systems of fine elements into the system equations of the
structure, which physically means that the equilibrium of
the structure is conditioned by the equilibrium of the
finite elements. By assembling it is necessary that in
common nodes the elements or functions unknown have
the same value.

Step 4. Implementing boundary conditions and
solving the system equations of the structure. The system
of equations obtained from the implementation of the
boundary conditions corresponding to the concrete
problem is solved by one of the usual processes, for
example by eliminating Gauss or by decomposing
Choleski, obtaining the values of the functions in the
nodes. These are also called primary or first order
unknowns.

Step 5. Making additional calculations to determine
secondary unknowns. In some problems, after learning
the unknowns, the analysis ends. This is usually the case
for thermal conduction problems, where the primary
unknowns are nodal temperatures. In other matters,
knowing only the unknowns is not sufficient, the
analysis must continue with the determination of the
second or second order unknowns. These are derived
from the superior order of the primary unknowns. Thus,
for example, in mechanical elasticity issues, the primary
unknowns are nodal displacements. With their help at
this stage, we determine the secondary unknowns that
are the specific deformations and tensions. In the case of
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thermal problems, the analysis can continue with the
determination of the secondary unknowns, which are the
thermal flux intensities (thermal gradients)

3.2. Stages of finite element analysis

With the Ansys software, simulation of
operation under the conditions of gas discharge will be
made to facilitate calculation.

Enhancement with finite elements has to go
through the following steps:

. defining the structure, its geometrical

and elastic characteristics, the applied loads and

the bearing conditions;

° schematic how the structure takes over
the applied loads: membrane, beam slab, etc.
. individualization of local deviations of

the structure, such as: additional stiffening,
cutting and consolidation of the area;

. the choice of finite element types, from
the program library, for modeling the structure,
taking into account the deformation modes or
the stresses that arise in the elements;

. meshing the structure into finite
elements, taking into account: the geometrical
dimensions of the structure, the elastic
characteristics of the material, the edge
conditions, the loads and the displacements
imposed on the materials;

) checking input data for compatibility
and accuracy;

° running the calculation program;

. verification of the obtained results.

3.3. Working and structural analysis

In this paragraph we calculate the following:

e choose the model of study using ANSYS
software (Figure 3, Figure 4, );

o discretization of study domain (Figure 5;

o the final results- pressure force (Figure 6), total
deformation (Figure 7), elastic stain (Figure 8), heat flux
(total and directional)(Figure 9, Figure 10) and
temperature distribution (Figure 11).
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Following the analysis of the diagrams above, the

following can be concluded:

The maximum displacement is 3.9219 - 10-5 m;

The maximum pressure is 7.8249 - 107 Pa;

The maximum value of the efforts is 0.00039125

m/m;

The safety factor is 3.1949.

All of the above lead to the final conclusion that,
although it was considered the most unfavorable loading
situation, it was even exaggerated in establishing the
forces and moments, the shaft is still close to the elastic
limit. This proves that the calculation method of the
piston is correct, and safe, provided that their
dimensions are not oversized.
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THE IMPORTANCE OF ECO-CLUSTERS IN THE CONSTANTA COUNTY
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Abstract: Economic theory and international practice confirm the role of clusters as catalysts for competitiveness based
on innovation and internationalization. Europe is facing the challenge of becoming a fair and prosperous society based
on a modern, competitive and resource-efficient economy. Mobilizing industrial actors towards a clean and circular
economy through in-depth cooperation along value chains as well as the use of new technologies, sustainable solutions
and disruptive innovation are critical to achieving this goal. Clusters play an important role in operationalizing smart
specialization strategies. Eco-clusters aim to increase the competitiveness of enterprises included in "cluster" structures
in sectors of economic relevance, by concentrating resources and developing the production of innovative goods such as
technologies, products, services, with the greatest possible reduction of waste. Constanta County, through its strategic
positioning, through the concentration of economic activities, education and research is an area of maximum interest for
the development of eco-innovation and eco-clusters. This study highlights the premises for the establishment of eco-
clusters in the Constanta area, given their role as a driver in greening economic policies in the region and developing
partnerships in order to obtain clean products. Through eco-clusters, there are also developments in the process of eco-
innovation and implementation of sustainable development strategies in the Constanta area, as a means for a long-term
socio-ecological transition.

Key words: Constanta County, eco-cluster, eco-innovation.

1. INTRODUCTION identifying and inventorying clusters, as well as
developing policies to encourage and support them.

It has been proven that, regardless of their field of In the context of the current Covid 19 pandemic, in
activity or size, companies tend to become more a very short time, clusters have proved effective in
efficient, more productive when they cooperate with mobilizing industrial actors, RDI organizations and
each other [1], [2], [3], [4], [5], [6]. This finding seems public authorities to find quick solutions to the
to be the main motivation for the emergence of challenges of the medical sector and the economy in
economic structures called clusters. general, both in Europe and at the national level.

The clusters include enterprises and institutions Europe is facing the challenge of becoming a fair
from a certain geographical area interested in the same and prosperous society based on a modern, competitive
field of activity. and resource-efficient economy. In Europe, clusters play

Over time, the efficiency of working within an important role in making smart specialization
clusters, increasing the capacity to innovate and strategies operational. Romania's cluster policy has been,
implement a common development strategy has been since 2009 and until now a component of industrial
noted. Moreover, the potential of clusters to become an policy, neglecting non-industrial clusters.
effective tool of development policy was highlighted, Europe's future depends on a healthy planet. The
which led to the increase of interest in this direction both current climate and environmental challenges require an
in academia and among economic policy makers. urgent and ambitious response. The EU has committed
Clusters have successfully developed into examples of to achieving climate neutrality by 2050 [7]. Reaching
good practice in both large and smaller countries, this goal will require a transformation of Europe's
regardless of their economic and cultural specifics. The society and economy, which will need to be cost-
beneficial effects of cluster development on effective, fair and socially balanced.
competitiveness, productivity and growth are also Sustainable development has become increasingly
recognized in European Union countries, and therefore important due to the need for conservation and
more and more of these countries are concerned with management of natural resources. On the other hand,

global climate change and pollution are a wake-up call
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for the use of technologies with the least impact on the
environment.

In this context, eco-clusters represent a way to
improve the innovation potential by concentrating the
efforts of all representatives, a major challenge being the
adaptation of environmental management practices at the
cluster level, in a more holistic way.

In most studies conducted by industrial clusters,
environmental issues focus on pollution control
practices, which in fact represent measures to comply
with legislation or environmental impact studies. These
studies also did not take into account the mutually
beneficial potential of clusters in terms of environmental
protection,  resource  management and  waste
management.

The transition to innovative clean production
technologies requires good collaboration between cluster
members, based on trusting relationships obtained after a
long experience and collaboration.

Industries in the same geographical area, which are
usually separated, can be encouraged in an eco-cluster to
make connections aimed at significantly reducing waste
and thus a clean final production under this partnership.

3. PREMISES FOR ECO-CLUSTER
SETTING UP IN THE CONSTANTA AREA

With a strong concentration of economic activities,
Constanta County is one of the main economic poles of
Romania. The Metropolitan Area of Constanta is an
economic polarizer of the South-East region,
approximately 1/3 of the number of small and medium
enterprises in this region being registered here.

Due to its geographical position, at the eastern end
of the European Union, Constanta County, located on the
shores of the Black Sea, is a bridge between East and
West - between North and South.

Transport is another aspect that must be taken into
account in the development of eco-clusters. Transport
systems have an overwhelming role in the socio-
economic development of an area, with a direct impact
on the daily lives of citizens and economic
organizations. Constanta County has a high potential for
the development of the transport system, being crossed
by the Danube River, having access to the Black Sea and
being relatively close to Bucharest.

The port of Constanta is located at the intersection
of trade routes that connect the markets of European
Central and Eastern countries, which have no access to
the sea, with the Transcaucasian Zone, Central Asia and
the Far East. It is the main Romanian port and is in the
top 10 European ports. Favorable geographical position
and the importance of the Port of Constanta is
highlighted by the connection with two Pan-European
Transport Corridors:

66

Corridor VII - Danube (river) and Corridor 1V (road and
railway). Near the Port of Constanta are located the two
satellite ports Midia and Mangalia, which are part of the
Romanian maritime port complex.

Regarding the location of Constanta on the shores
of the Black Sea, opportunities for eco-networks in the
Black Sea basin have been highlighted by other studies
[8], [9]; in this regard, IAMU (International Association
of Maritime Universities) member universities from the
riparian country, through the experience obtained after
long collaboration, can be a support in the realization of
new partnerships [10].

Constanta is an important university and research
center. The universities and research institutes from
Constanta have the experience of partnerships in
different fields of interest, the expertise of the staff
representing a strong point in attracting these entities
within an eco-cluster.

Cluster policy is a horizontal policy, involving a
mix of policies and strategies, including innovation

policy, regional development policy, SME and
entrepreneurship policy, social policy,
internationalization and export promotion, smart

specialization strategies, attracting domestic and foreign
investments, cross-border cooperation, etc. In Romania,
too, clusters are recognized as one of the important tools
for promoting industrial development, innovation,
competitiveness and economic growth.

The Romanian Industrial Policy Document prepared
by the Ministry of Economy (2018) highlights the role of
clusters in 3 horizontal objectives:

- The innovative cluster, an instrument of an
intelligent economic policy;

- High share of Romanian links in global value
chains;

- Smart and sustainable economic growth through
innovation in industry.

In 2011, the Romanian Cluster Association was
founded - CLUSTERO, with the role of promoting and
representing clusters at national, European and
international level.

At the end of 2019, CLUSTERO member clusters
numbered 2,000 companies with 189,000 employees. At
the level of these clusters, compared to 2013, there were
increases between 40% in the case of exports and 162%
in the case of research and development expenditures.

In the South-East region, of which Constanta
County is part, there were, at the end of 2019, 8 clusters
in fields such as ICT, shipbuilding, health, creative
industries, renewable energy, 7 of the clusters, members
of the Romanian Cluster Association, totaling 304
companies and over 28,000 employees.

The inconsistency of the support policy has been
one of the main weaknesses of the cluster environment
in Romania in recent years. Although the Ministry of
Economy is the main actor responsible for cluster policy
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as part of industrial policy, structural funds were only
available under ERDF interventions in the 2014-2020
JOP. No support measures have also been envisaged in
fulfilling the role of catalyst clusters of regional (eco)
innovation and industrial systems [11]. This creates the
image of a suboptimal situation whose continuation in
the medium and long term is a threat that risks calling
into question the remarkable results obtained by clusters
so far.

Romania did not register good results in terms of
eco-innovation performance with a ranking of 24th in
EU countries and a score of 71 in the Eco-Innovation
Index (September 2021) compared to 121, the average
value for EU member countries [12].

Following the evolution of this score over the years,
there is a decrease in its value starting with 2017 (Fig.1).
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Figure 1 Eco-Innovation Index

Total value of green early stage

investments (per capita)

Indicator

Governments environmental and energy

R&D appropriations and outlays

Eco-innovation index is based on 16 indicators
grouped into 5 categories:
- eco-innovation inputs - where Romania ranks 26th with
an average score of 16 compared to 113 the average
score for EU member states. For the 3 indicators of this
category, the score registered by Romania varies
between 7 and 20 (Fig. 2).
- eco-innovation activities - at this dimension Romania
ranks last in the EU, with a score of 34 compared to the
value of 100 of the average score in the EU. The scores
for the indicators characteristic of this category vary
between 0 and 137 (Fig. 3). Note the score above the
European average obtained for organizations that have
implemented 1SO 14001.
- eco-innovation outputs: Romania ranks 25th, with a
score of 76 compared to 140 European average; for the 3
indicators taken into account in this category the scores
represent 41% - 78% of the average scores of the EU
countries (Fig 4)
- resource efficiency - Romania also ranks 25th out of 28
EU countries, with a score of 46 compared to 147 EU
average score. The values of the 4 indicators taken into
account in this section represent 10% - 94% compared to
the European averages (Fig. 5).
- socio-economic outcomes - in this category Romania
ranks 6th among EU countries, registering a score of 148
compared to 105 European average. At the export
indicator of products from eco-industry, Romania ranks
3rd in Europe and 5th in terms of turnover in this
segment (Fig. 6).

Total R&D personnel and researchers |

0

European Union
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Score
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Figure 2 Indicators’ score for Eco-innovation inputs
Source: https://ec.europa.eu/environment/ecoap/indicators/index_en
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Figure 5 Indicators’ score for Resource efficiency outcomes
Source: https://ec.europa.eu/environment/ecoap/indicators/index_en
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Figure 6 Indicators’ score for Socio-economic outcomes
Source: https://ec.europa.eu/environment/ecoap/indicators/index_en

Other threat rises to the level of clusters acting in
traditional sectors (wood and furniture; textiles, agri-
food sector). The competitive gap between Western and
Eastern Europe is obvious, and traditional sectors need
to become smart or disappear, with dramatic economic
and social consequences.

The fields of wood and furniture, textiles and agri-
food have an important role in the national economy and
in that of Constanta County in terms of employment,
contribution to GDP, exports, but are "low skilled - low
tech™ sectors, whose competitive advantage is based on
the existence of production capacities and relatively low
labor costs. From this point of view, a viable alternative
is to integrate them into new industrial value chains in
the field of cluster-based bio-economy. The development
of these value chains must include measures to
accelerate cross-sectoral and inter-regional relations in
terms of knowledge transfer and the creation of a critical
mass of enterprises to address their fragmentation.

The fact that the Constanta area has a great potential
in different fields of activity, offers business
opportunities and attracting European funds, especially
in the field of eco-innovation and the association of
different actors in the area in eco-clusters. Therefore, we
consider it very important to develop at national level
and implement at local level appropriate policies to
create and stimulate efficient ways to finance this type of
clusters, knowing that the adoption of the eco-innovation
process requires time and high costs. This would be at
the same time an efficient method of attracting foreign
capital in clusters in the Constanta area.

The universities and research institutes from the
countries included in the Black Sea Basin, which for
Romania are located in Constanta, are potential members
of an eco-cluster with a vast experience in identifying in
partnership the problems and solutions in the region.
Better awareness among the public and businesses about
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sustainable development and the role of eco-innovation,
along with local policies to help those interested, are
starting points in the successful development of eco-
clusters in this area. Existing work platforms and
databases, including those for monitoring environmental
impact factors, developed as a result of partnerships
between universities and research institutes in the region,
are a source for addressing and solving problems within
eco-clusters.

Using eco (systems) as a model of operation,
members of eco-clusters (companies, universities and
research institutes, NGOs and public authorities) will
develop optimal solutions for obtaining technologies,
products and services in a closed loop in order to adapt
to the circular economy.

5. CONCLUSIONS

The development of eco-clusters in Constanta
County is supported by the existence of experienced
clusters at European and international level as well as by
their representative associations. The presence of local
universities and research centers involved in
environmental issues in the area is a support in the
development of the eco-innovation process.

Developing an understanding of eco-innovation and
identifying appropriate policies and mechanisms to
encourage the adoption of eco-innovation, focusing on
how to use eco-innovation as a method for innovation
and the development of new green products, will lead to
the sustainability of clusters in the area.

Implementing eco-innovation is a challenging
process, and understanding the barriers and opportunities
in each business and the main gaps in policy and
education could help build a better understanding of the
context and conditions for the development of eco-
clusters in Constanta County.
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A TOOL FOR THE ASSESSMENT OF THERMAL EFFICIENCY OF IDEAL DIESEL
CYCLES, PROVIDED TO FUTURE MARINE ENGINEERS
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Abstract: Diesel engines are a type of internal combustion engine widely spread in the maritime sector. In a world
depending on fossil fuels, the challenge faced by scientists and professionals consists in the efficient use of this kind of
fuels. The future of these engines strongly depends on the efficiency enhancement. Future mechanical engineers have to
be trained in order to gain engineering judgement and enterprising attitude. In this respect, this paper deals with a
theoretical study focused on the improvement of the efficiency of the ideal Diesel cycle. This type of study was recently
introduced in Constanta Maritime University, within Thermodynamics seminar activities, delivered to future marine
engineers, enrolled in their third semester. This study will reveal the fact that the efficiency of Diesel cycles is affected
by the variation of compression ratio, cut off ratio and specific heats ratio. The results obtained will show that, for the
ranges taken into discussion, thermal efficiency might be enhanced by the rise of compression ratio and specific heat
ratio values and by lowering cut off ratio values. The study is a predecessor of expensive and time costing experiences
and it is also a guidance in the hand of future professionals — able to train them for real solutions.

Key words: diesel engines, performance, thermodynamics, students.

1. INTRODUCTION Their principle is based on the entry of the air in the
combustion chamber, during the intake stoke, followed
Having in view the widening of the international by the compression to a high pressure; the high
fleet, the curricula of future marine engineers graduating temperature reached allows to the injected fuel to self
from Constanta Maritime University is designed in order ignite [7].
to guarantee the achievement of skills able to ensure the Many of mechanical engineering students do not
success of this personnel on board of ships [1], [2]. In fully understand the theory and analysis issues related to
the actual time, industries are featured by high energy engines [8]. For a better understanding of the analysis of
consumptions and resources depletion, Thermodynamics Diesel cycles, the air standard cycle is introduced firstly;
being the discipline connecting these issues with the specific assumptions are as follows: air is an ideal
environment protection [3]. gas, all four processes are reversible, heat losses and
Internal combustion engines are encountered in friction are neglected, specific heats are constant [9].
various applications due to their benefits: low initial Future mechanical engineers have to be trained to
cost, high power, good efficiencies, ability to fulfil accomplish with real situations, starting with a proper
emission regulations, match to available fuels; being so level of complexity and aiming to be reached the
important for the maritime industry, this technology is engineering judgement and enterprising attitude [10].
subject of achieving higher performance amid new In this respect, this paper deals with a theoretical
concern about low fuel consumption and ship gaseous study focusing on the improvement of the efficiency of
emissions [4], [5]. an ideal Diesel cycle, recently introduced in Constanta
In the present time, Diesel engines are met on the Maritime University, during Thermodynamics seminar
board of approximately 90% of the vessels all around the activities, delivered to future marine engineers. The aim
world; these engines use marine fuels, which are cheap of this study is to offer to our undergraduates a clear
but pollutant [6]. image on the elements which affect the performance of
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the Diesel cycle, comprising calculations for which
thermal efficiency is increasing.

The development of this study was given by the
continuously need of curriculum revision with the
purpose to ensure the ability to manage with real
practical situations.

Such a study is welcomed when it defeats time
consuming and expensive experiments.

2. METHODS AND MATERIALS

Internal combustion engines are subject of study for
the future marine engineers enrolled in Constanta
Maritime University, Marine Electromechanics Faculty —
Undergraduate Electromechanics Programme.

Future marine engineers are able to gain a wide set
of knowledge on this type of engines during different
disciplines included in their curricula: Thermodynamics

I, Internal Combustion Engines Processes and
Characteristics I, 1l, Internal Combustion Engines
Components and Ancillary Systems 1, 1l and
Exploitation, Repair and Maintenance of Internal

Combustion Engines.

Their descriptions in provided bellow:

Thermodynamics |

Type: in profile; Course hours: 42; Applications
hours: 28; Number of credit points: 5; Term; 2

Subject category: obligatory

Objectives: gaining theoretical knowledge and
calculus understanding for the application of
thermodynamics laws in order to manage with processes
developed in thermal machines.

Internal Combustion Engines
Characteristics I, 1

Type: specialty; Course hours: 84; Applications
hours: 42; Number of credit points: 5+5; Term: 6,7

Subject category: optional

Objectives: possession of sufficient theoretical
knowledge to carry out the part of a watch keeping
engineer’s responsibilities concerned with the efficient
operation of marine heat engines and thermodynamic
processes and, on completion of a mandatory seagoing
service, they will process the corresponding knowledge
to carry out the part of a chief engineer in a safe and
efficient manner; possession of knowledge specific to
engine operational parameters determination and the
indicator diagram plotting for a real engine.

Internal Combustion Engines Components and
Ancillary Systems I, Il

Type: specialty; Course hours:112; Applications
hours: 56; Number of credit points:7+6; Term: 7,8

Subject category: optional

Objectives: on completion of both courses and
seagoing phase, students should posses sufficient
knowledge to operate the main and auxiliary machinery
normally installed in diesel — powered ships in a safe and
efficient manner; acquiring constructive solutions and

Processes _and
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applications to detect failures that can occur in marine
engine operation.

Exploitation, Repair and Maintenance of Internal
Combustion Engines

Type: specialty; Course hours: 56; Applications
hours: 28; Number of credit points: 6; Term: 8

Subject category: obligatory

Obijectives: presentation of: principles and methods
for Diesel engine diagnosis; faults and overhaul for
marine Diesel engines and auxiliary system; procedures
for repair and maintenance of naval engines and
auxiliary systems; basic principles for operating and
control of marine Diesel engines; duties and organization
of activities on board and in engine room in accordance
with IMO, ASM, STCW and classifications society
recommendations; principles for reliability maintenance
of engines, taking into account different qualities of
working agents; steps to be fooling for repair and
overhaul the plant in the machinery space; safety
procedures for preparing and starting the machinery;
procedures for operate the marine engine in normal and
emergency conditions.

Seen the complexity of the topics discussed,
Thermodynamics | has the task to provide a strong
theoretical base for understanding the actions specific to
the performance enhancement of the Diesel cycles.

In this respect, the theoretical study described in the
following and the interpretation of the results offer to
future professionals a perspective on the solutions for
achieving higher thermal efficiencies — a situation for
which lower energy and fuel consumptions are reached
[11].

In Figure 1 it is given the cycle of an ideal Diesel
cycle; it is sein that the heat is introduced during the
isobaric combustion, while the heat is evacuated with the
exhaust gases.

The relationships related to this study are given
below [12].

Figure 1 The ideal Diesel cycle in p-v diagram

Since processes a—b and c—d occur without heat
exchange, on the first law basis:

)
@

ab = Up —Uj
—Wy =Ug —Ug
where:
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w — work
u — internal energy.
During combustion:

Whe = Py (Vc _Vb) @)
where:
p — pressure
v — specific volume.
According to the first law, for the combustion
process:

qbc :Wbc +(uc _ub) (4)
or:
Ope =he —hy (5)
where:
h — enthalpy.
For the heat rejection:
qda:ua —Ud (6)
For the entire Diesel cycle:
qbc + qda = Wab - ch . (7)
The assessment of the two amounts of heat:
Qpe :Cp(Tc _Tb) (8)
Qda =Cy (Td - Ta) 9
where:

¢, / ¢, —specific heats at p = const / v = const.

The ideal thermal efficiency:
_ Qda -1— Cv(Td _Ta)
ch Cp (Tc _Tb)
Since the exponent “k” is the ratio of the specific
heats c, / c,, results that:

=1 . (10)

T, -T
77t :1——d a . (11)
k (Tc _Tb)
The temperature at the end of the isentropic
compression:
T, =T, (12)
where:
€ — compression ratio
— Va
V, '
The temperature at the end of the combustion:
Tc :Tb P :Tapgk_l ' (13)

&

where:
p — cut off ratio

p=V3/V; .
For the isentropic expansion:

k-1
Ta (Ve (14)
Tc Vd

% = (Ve V)V Vg ) (15)

c

or:
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So that:

1 pk-1

n =1 U= k(p—l) (16)
From equation (16) results that the thermal
efficiency of the ideal cycle depends on three important
parameters:
e cut off ratio,
e specific heat ratio,

e compression ratio.

3. RESULTS AND DISCUSSIONS

In the following, will be seen the influence of
compression ratio, cut off ratio and specific heats ratio
variations on the performance of the cycle.

The cut off ratio will vary in the range (1.5 — 3) and
the compression ratio in the range (13 — 19).

The specific heats ratio will take the following
values: 1.22, 1.33 and 1.4 (see Figure 2, Figure 3, Figure
4).

p:L.S
[m »=2

B =3
% |

thermal cfficiency (7,) %
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Figure 2 Influence of p and variation on 7, for
k=122
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Figure 3 Influence of p and variation on n, for
k=1.33
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Figure 4 Influence of p and variation on 1, for
k=14
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From the above plots results that, in all the
situations, the thermal efficiency increase together with
the increment of compression ratio and specific heats
ratio values. On the contrary, the thermal efficiency of
the cycle decreases with the increment of the cut off
ratio.

This in due to the fact that the engine is pushing
more on the piston. Achieving a higher combustion
efficiency due to the compression ratio rise, a more
significant amount of energy will be available. The
maximum thermal efficiency is sein at compression ratio
of 19.

The increase of specific heats ratio leads to an
increased work output so that the thermal efficiency will
be improved. The maximum thermal efficiency is
obtained at specific heats ratio of 1.4.

The variation of cut off ratio on the performance of
the cycle is incontestable. When the cut off ratio values
increase, the power input decrease, because the
difference between the heat introduced and the heat
evacuated decrease; the lowest thermal efficiency was
found for the highest cut off ratio (p = 3).

For the values considered in the theoretical study
above developed results that the best thermal efficiency
value is found when the compression ratio is the highest
(19) and the specific heats ratio as well (1.4), while the
cut off ratio is at its minimum (1.5); the best thermal
efficiency value found is 66%.

4. CONCLUSIONS

A theoretical study on the thermal efficiency
improvement of ideal Diesel cycles it is needed for the
future marine engineers in order to gain experience on
operating conditions, in an efficient manner.

Such a study brings into discussion the elements
which strongly influence the thermal efficiency of this
engine: compression ratio, cut off ratio and specific heats
ratio. The results obtained from the above study can be
concluded as: for the numerical conditions considered,
the thermal efficiency is improved by increasing the
compression ratio and specific heats ratios and by
decreasing the cut off ratio. Thus, the maximum
efficiency (66%) is reached for e = 19, k = 1.4 and p =
1.5.

The conclusions of the study are able to offer an
important guidance for performance assessment and
improvement of Diesel cycles, from the beginning of
future marine engineers education.
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