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SHIFTING OF CARGO ON BOARD SHIPS, A SERIOUS THREAT
TO LOSS OF INTACT STABILITY

'ANDREI CRISTIAN, °LAMBA MARINEL-DANUT

L2Constanta Maritime University, Romania
ABSTRACT

Ship’s intact stability is one of the most impottaspects that have to be taken into consideratizen loading
the ship as well as during the voyage. Despitdabethat many vessels left the ports with a praptct stability, the
experience proved that during the voyage, the lgtahas been lost. One of the factors that conteld to loss of intact
stability was shifting of cargo during the voyagethe present paper is examined the impact ofacahifting on intact
ship stability. Real case accidents involved lossksntact ship stability due to shifting of cargome presented.
Analytical equations of forces acting on a cargecpiduring motion are explained.

Keywords: cargo, shifting, stability.

1. INTRODUCTION will shift. Thus, the probability of cargo shifting
will differ in the various conditions.
Transport is the most important link in economic Hua [3] has presented a concept ofexjuivalent

relations. It is involved in creating of productsda  roll angle and probabilistic approach to the problem of
delivering it to consumers, provides the link betwe cargo shifting. He discussed the effect of linestion of
production and consumption, between different the model on the predicted results.

industries, between countries and regions. It &ffélce

development of the economy as a consumer of paetrole 2. CASUALTIES OF SHIPS RELATED TO

products, grains, metal, timber, and many othedpcts. SHIFTING OF CARGO

Every cargo transported has particular proprieties
for loading, stowage and transport. These cargo Due to various types of cargo transported, shifting
proprieties can influence the nautical qualitiesl d@he of cargo is present on board of various types gbssh
seakeeping behaviour of ship. One of the nautical Here below, are presented some casualties whetmghi
qualities, which is influenced, and in many cases of cargo resulted in loss on ship’s intact stapilit
affected by cargo proprieties, is the ship intdab#ity.

Inability of acknowledge the proprieties of the gmito TRADEN - 8,188 GRT, Ro-Ro cargo ship
be loaded, in many cases, is the result of dangerou The vessel en route from Valencia to Norkoping,
situations, even to capsize. loaded with containers, pallets and roll traileysgcurred

Safe transport of cargo is not just a matter oésaf in emergency on 19 October 2001, due to a severe
stowage and securing of cargo, solely, but is glson cargo shift. The cargo shifted when the ship g in
related with the design and construction of the,sher storm for more than two days and into exceptionally
outfit, as well as with the way the ship is beimpmted troublesome confused seas [8].
at sea in different environmental conditions.

According to the statistics, 10% of serious stapili KARIN KAT — 1,501 GRT, general cargo vessel
accidents of ships are caused by the shift of cargese Vessel loaded with various stainless steel LNG
kinds of accidents are quite common for generafjcar cargo handling equipment was sailing from Antwerp
vessels, container vessels, Ro-Ro vessels and bullbound for Ras Laffan. On {#February 2003, the vessel
carriers. encountered bad weather with winds up to gale f8rce

Cargo shifting is a complex phenomenon. Usually it The vessel was rolling 15-20 degrees and also ipgch
is caused by the motions of the ship and is largelyand heaving resulted in shifting of cargo insidesed's
influenced by the proprieties of cargo, lashingsvelf as holds. The investigations concluded that the rough
operational aspects. During the voyage, a variousweather and heavy swells, which caused the rolling,
number of different conditions is encountered k& ghip pitching and heaving of the vessel, has been a
influenced by sea state, ship’s speed and headingcontributory cause of the foundering. Moreover, the
towards the waves, and loading condition. Forcéim@c cargo shifted because it was insufficiently secuted
on the cargo and ships motions will be differeneath withstand the movement of the vessel during the
such condition. The waves will have specific prepes prevailing rough sea [2].
and in order to response to these waves the sHip wi
move in a certain way. These ship motions will iocelu  ANSAC ORIENT- 16,715 GRT, bulk carrier
forces on the cargo, and if these forces are lattysmn Vessel encountered, off%ZFebruary 2004, a swell
what the cargo and its lashings can withstand dngac on its starboard bow and rolled violently up to 20

11
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degrees to each side. Logs fell from the after@ndo.3 K

hatch allowing the lashing to slacken. Cargo thufiexl F,=——-—=

athwartships and about 45 logs were lost overboard. dt iz 1z

Investigation revealed that the vessel's GM wa8.88 =m{z+ winf -f] @sin‘ - ( Yt ycas | (2)
m, the ship was very stiff and had a short peribdoth

[10]. -flzgcod + (yg+ u)sifi Ffu cbs - g}

SUNSHINE — 1,214 GRT, general cargo ship

The vessel loaded with marble in blocks sailed, on
22" April 2007, in bad weather conditions, with heavy
seas, north of Libyan coast. During Master’s effiart
maintain a reasonable course under the given
circumstances, the vessel took, suddenly, excedisive ) ) _
and capsized within 10 minutes. The shifting ofrayle Fy =nlutycosf +zsid £ g (g 9 @in (3)
heavy block of marble has identified primary cao$e

As can be seen from equations (1) and (2) force F
has inertia, Coriolis and gravitational force comeots.
The total force F is given by the components in the
moving frame as

failure [11]. F,=nizosf- ysif # (y+ Uf “gf u dos (4)
. The equations (1) and (2) can be used for
RIVERDANCE — 6,000 GRT Ro-Ro trailer ferry determining the required strength of the cargo itash

This vessel encountered, on*3January 2008, system. In this case, cargo shift is set to zere, i

stability problems in heavy weather during the seunf _ _ 2 A .
a voyage across the Irish Sea towards the UK, andu_dU/dt_d u/df =0 in equations (3) and (4), and

ultimately foundered on a beach on the UK coast. the ship motions govern the forces acting on trgaa
Among other factors that contributed to loss ofpshi only.
stability, the investigations pointed out that 8hg of

cargo was one of the causes [9]. 4. THE EFFECT OF CARGO SHIFTING ON

SHIP INTACT STABILITY

3. THE DYNAMIC FORCES ACTING ON A

PIECE OF CARGO The effect of transversally cargo shifting is the

moving of ship’s centre of gravity fronGtoG,, as

The diagram of the forces acting on the cargo pieceillustrated in figure 2.
is presented in figure 1.

Figure 2 The effect of shifting of cargo on G
Figurel The diagram of the forces acting on thgaear
piece In this way, the ship’s centre of gravity has two
components of movement: y- vertical component and x

F, and F; are the components of the total forcinfhe ~ horizontal component. Both of components can be

. . . calculated by the formulas
global inertial coordinate system. These componeais

be derived from the Lagrange’s equation as follows:
X=——,y=—— ®)

y dtfy Ty where:

_ X — horizontal movement of G;
=M y*osf-f [ cos + (yy+ Usin } (1) y — vertical movement of G;

. : — displacement of ship;
+F*[zgsif - (ygr Wcos fu in }. w— Wel?ght of cargo shhft)ed;

12
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a — horizontal movement of centre of gravity of w; The effect of horizontal movement of G (when the
b — vertical movement of centre of gravity w. vertical movement of G is ignored) is as follows(k
Thereafter, the new righting lever GZ will be - The initial GM remain unchanged (since only
(figure 3): the vertical movement of G will cause this to
change).
G,Z, = GZ- xcos/ - ysif (6) - All values of righting lever across the range of

stability are reduces, particularly at the smallest
angles of heel. When the ship is upright, the
horizontal movement of G acts as a capsizing
lever causing the ship to heel over to the angle
of list.

A reduction of dynamical stability (area under
the curve). Since the ship is already listed, less
work is required by the external forces to heel
the ship over to dangerous angles of heel on the
listed side.

Range of stability is reduces (at both ends of the
range for a ship having an initial range of
stability less than 90°).

The angle of heel at which the deck edge
immersion occurs remains unchanged but there
is less work required by the external forces to
reach it on the listed side.

In the cases where the vertical movement of G fs no
ignored, the effects of cargo shifting is illusedtin
figure 5.

Figure 3 Reduction of righting lever due to shidtiof G

In the situation when only the horizontal
movement is taken into consideration the lossgifting
lever will decrease as the angle of list increaBesther
words, the greatest loss of righting lever will \Wwaen
the ship is upright.

The ship will come to rest at the angle of list in
still water condition and the horizontal movemerit o
ship’s centre of gravity will represent a negatiadue of
righting lever when the ship is upright (figure 4).

Figure 5 Effect of vertical shifting of G on statylcurve

This situation involves a decreasing of GM and this

effect is reflected as follows [z60]:

- All values of righting lever across the range of
stability are reduced, particularly at the larger
angles of heel.

Dynamical stability (area under the curve) is
reduced making the ship less able to resist
heeling by external forces.

Range of stability is reduced.

The angle at which deck edge immersion
occurs remains unchanged as freeboard has not

Figure 4 The effect of horizontal movement of G on changed.
stability curve In both situations presented above, the effect of
cargo shifting revealed that most aspects of statzle
worsened.

13
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Shifting of cargo on board vessels can lead to It can be concluded the fact that shifting of cargo
dangerous listing and ultimately capsizing. Thearigj developed especially during the voyage when theeles
of the casualties involved the consequences of thedevelops large oscillations due to encounteringear

transverse movement of cargo in heavy weather. waves in heavy seas, is a serious threat to irgiaigt
Cargo movement can be attributed to contributory stability and can have a negative impact on that.
factors like: In this respect, it can state that one of the most

Movement caused by waves hitting the stow important objective for the people who work in riane
(for deck cargo), and exacerbated by movementcommunity and have to be taken into consideratmn t

of the vessel in rough sea. prevent dangerous situations involving shiftingcafgo,
Failures in the methods of stowing and lashing is to take precautionary measures to avoid such
the cargo. situations. This objective can be achieved by a

Cargo is not always stowed in compact stows andcontinuous education and training of the ship’scefs,
large void spaces remain. These gaps allowed tivetst ~ which are directly responsible for loading, stowagel
move especially when vessel was rolling in heawgsse lashing of cargo on board vessel, to understand the
Lashing materials (wire rods, turnbuckles, rings,)eare ~ mechanisms of cargo shifting and moreover the
in many cases old and poor maintained. Moreovenyma dangerous situations involved. Use of simulatarthis
are not certified and not adequate to be useddisieing ~ respect can be a useful tool for training of shigfficers
materials in particular cases. to face the real problems that affecting the sadétships

Provisions stated in regulations issued by ship’s and safety of navigation [1].
administration (such as Cargo Securing Manual) or
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SURF-RIDING OF A SHIP IN FOLLOWING AND QUARTERING W AVES AND
VULNERABILITY TO LOSS OF INTACT STABILITY

'ANDREI CRISTIAN, °LAMBA MARINEL-DANUT

L2Constanta Maritime University, Romania

ABSTRACT

Dynamic stability is one of the most important rieait qualities of ships. Large waves can have aatieg
influence over ship’s stability that may lead tangarous situations. In the present paper the glirfey phenomenon of
ships in following and quartering waves is examin8drf-riding is one of the phenomenon that cam l&a ship
stability loss or even capsize in following and dedng waves. Analytical considerations of equatif surging
motion in following and quartering waves explaire tieritical condition of surf-riding. The physics Hied the
connection of surf-riding with broaching and logshbips stability resulted in capsize is exploréchactical explanation
of the surf-riding on board ships is explained|dakd by recommendation for assessment of dangesiuation

related to surf-riding.

Keywords: surf-riding, broaching, stability, capsize.

1. INTRODUCTION

Ships are developing periodic motions, in following
and quartering seas, and due to the fact thathell t

The dynamical aspects of surf-riding have been
studied by Grim [7], Ananiev [1], Makov [9], Kan][8
Umeda [16], Thomas & Renilson [14], and Spyrou [11]

Surf-riding phenomenon can be described as the

degrees of freedom are engaged correlated with theacceleration of the ship to ride on the wave crgbgn it

increasing of wave steepness can lead to so cslldd
riding phenomenon.

Because of their direct relation to safety, thef-sur
riding in relation with the dynamic stability proeties

is located on a steep forefront of high wave itof@ing
and quartering sea condition. When a ship is sdden,
the so-called broaching-to phenomenon may occur,
which endangers the ship to capsize as the re$ult o

of ships are of paramount importance. The mostsudden change of ship’s heading and unexpecteé larg
important aspect that can be developed during surf-heeling [10].

riding in connection with the loss of dynamic stépi
during this phenomenon is the possibility that g
can capsize due to loss of steerability. Moreowdren
the restoring force provided by the rudder is ifisight

as to reduce the ship’s oscillatory yawing motiod ¢he
vessel is in low frequency periodic motions, a &mi
situation can be developed. This aspect is in gtron
connection with the so called broaching phenomenon.

When the ship is surf-ridding and when this is
happen in following and quartering seas when brioach
phenomenon is most likely to happen, the ship’s bow
tends to dig in (as the bow of the ship is closehi®
wave trough) but in the same time the ship’s stemls
to be pushed away involving a loss of directional
stability due to developing the broaching.

Surf-riding is most likely to occur when the ship’s

The fact that in most of the researches surf-riding speed exceeds a certain multiple of the square abot

was in analysed for the following wave conditiorasw
on the basis that surge motion and their equatieere
essentially used. This way of approaching the bl
has led to the conclusion that two states of sdifig
can be developed for every wavelength when theeless
is near the crest as well as near the througheofrdve
[12].

In this paper the investigation and analysis of-sur
riding phenomenon is presented in connection with h
influence on stability of ship.

2. ANALYTICAL EXPLANATION OF SURF-
RIDING

Surf-riding is another phenomenon of following /
guartering seas and is often associated with biegch
and can be described as the “catching and dragg#ig”

of ship by a wave approaching from stern and

accelerates her to the wave celerity. Physicallyf-s

riding is caused by the equilibrium created by the

longitudinal wave force, thrust and resistance [3].
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ship’s length in following and quartering sea caiads.
The key for explaining why the surf-riding is
conductive to broaching, lies in the role of thenlivear
surge motion dynamics [12].
The surging motion can be written in a form of the
equation [5]:

dv

Dd— +MV =N +Fcos@gt +e), Q)
t

where D is the mass of the ship/ is the ship speed

including variable component, is the time, and= and
€ are the amplitude and phase of the surge exciting
force respectively. M and N are defined as follows:

M ={R - T1- O}> 0,
N={Tyd-1)- Ry>0.

)
©)

where,
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Ry =R\ - dR\)/ d¥ @
To=T(Vs) - dT(W)/ d\k \¢, (5)
R =dR\Q)/ dV T= dT W/ d.  (6)

where R is the resistance] is the thrust,V, is the

ship speed concerned at the time dndf is the thrust
deduction factor.

The static equilibrium condition is expressed when
the terms of equation (1) depending on the time
disappear. This condition is achieved when

WE=0

and,
MV = N + Fcose. (7

Since WL =0, meansV, = C, and the condition
(7) is equal to

Cyw = (N +Fcose)/M. (8)

The analytical explanation of the occurrence of
surf-riding is revealed by the fact that if thepshpeed is
equal to the wave speed at the time t = 0, thershiiye
speed can not be changed from the initial speedusec
the ship is in the static equilibrium condition it
respect to the ship speed in equation (1). Thus, th
occurrence of the surf-riding is given by the cati
condition written as

C, =V, +WZ, 9)

where: V_ is the mean speed, which can be assumed t

be the ship speed in the still water for the sanmaber
propeller revolution, andz is the surge amplitude.

k =2p// andhis the water depth, the critical speed is
obtained as

Vimcosa =cy[l- {Fcosa L g tanHthy2 ] (12)

Although the surf-riding is the case where the ship
is accelerated to the wave celerity, it may ocashghat
the ship is decelerated to the wave celerity. Ohnthe
most dangerous situation can be considered wharga |
difference exists between the accelerated speeet timel
surf-riding condition and ship speed in the stikter,
since due to the decrease of the propeller slipetadive
rudder force may decrease drastically.

3. SURF-RIDING ON BOARD SHIPS

During surf-riding, the vessel sails with speedaqu
to the wave celerity. The vessel’s stay longehmdrest
region and then passes quickly from the troughthin
literature this referred aasymmetric large-amplitude
surging or surfing on a cresf2]. A stationary behaviour

o ship starts to coexist, in parallel, owed to flet that
the resistance force that opposes the forward maifo
the ship in water, can be balanced by the sum ef th
thrust produced by the propeller and the wave force
along the ship’s longitudinal axis. This is knowssaurf-
riding and the main feature is that the ship i<darto
advance with a constant speed that equals to the wa
celerity. Such mode of motion may become directigna
unstable if a ship is captured at wave down sl@zea
result, a ship may experience the sudden uncoaibell
turn and unexpected large heeling. Hence, surfsrgld
can be defined as a prerequisite to broaching.

In order for surf-ridding to occur, the wave lemgt
must be comparable with ship length and the wave
celerity must be comparable with the ship speed [2]

Jarge ships cannot surf-ride, as waves of the sacgs

lengths are simply too fast compared to the shiedp
To consider an example of surf-riding have to be
assumed a wave with a length comparable to shigthen

The critical wave steepness is obtained by usinghas a celerity of 35 kts, while ship’s speed isk&5in

equation (9), the expression fat. = M(1-V_/c,)
and the relatioy. /c,=2p// , as

Hyw = 1
!/  px cos

. (10)

where: H, is the wave height/ is the wavelengthx

is the surge response a#ad is the encounter angle( =

0 means the following wave). Although this simple

expression is applicable for both deep and shallaver,

the accuracy of the estimation depends on thahef t

surge response.
The surge is as

amplitude expressed

x=F/ LWIZE by neglecting the term of the resistance in

the equation of surge motion.
Using equation (9), the expressions far and

Wg, and the where

relation ucy, = gtanhkh,
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calm water (fig.1)

Figure 1 Surging in following waves. Surf-riding is
impossible, [2]

The thrust produced by the propulsor, when
sailing in calm water with a speed of 25 kts, imsaas
the resistance at the speed of 25 kts. At the mbwien
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wave overtaking the ship, the ship will surge beeathe The wave steepness and wave length has influence
axial forces push back and forth the ship and teed over both speed thresholds. The likelihood of eragg
of the ship become equal with the speed of the wave one of these thresholds can be used as a critecaube
The thrust provided by the ship is not sufficiemintove in a realistic seaway they are random figures. The
the ship with the same speed of the wave (35 kid) a threshold is easy to exceed, but in order to erpes
there is a difference between the resistance ofhieat surf-riding, when the ship is located at a partcul
the higher speed of wave and the ship’s trust 5okt2. position on the wave the instantaneous speed rnaist b
In the figure 1, is shown that the axial wave (8)rg increased considerably. However, the probabilitguth
force is too small to compensate for this diffeesand a coincidence is quite low and therefore, the seécon
surf-riding is theoretically impossible at this sge  threshold should be used as a criterion. The sdirig
condition. Surging is the only possible mode of iomt for the particular wave is guaranteed once thestioil
as a result of this condition. is exceeded.
If the thrust setting in calm water is slightly
increased, for example at 27 knots, then the diffee
between the resistance and produced thrust isceuffi
to compensate for this difference and theoreticéllthe
ship is at a certain position on the wave, the-gdifig
becomes possible (fig. 2).

Figure 3 Surging is not possible. Surf-riding ie tinly
option, [2]

4. RECOMMENDATIONS FOR ASSESSMENT
THE POSSIBLE DANGER OF SURF-RIDING

Figure 2 Both Surging and Surf-riding are possible,
depending on the position on wave and instantaneous
speed, [2]

The document MSC.1/Circ. 1228 uses the following
formula as an indicator of possible danger of sidlifig

and following broaching-to,
In fact, surf-riding is a stable equilibrium re&d
when a ship is situated on the front slope of tlevev 5 1.8\/I

close to the trough-shown here with a black ddigare cos(180 a )’
2.

(12)

There are two possible modes of motions, surging Wheré Lis the length of the ship ana is the wave
and surf-riding, and the result are influenced hg t neading, O being head waves. , _
ship’s instantaneous speed and ship’s locationgatbe _ To avoid surf-riding, and possible broaching the
wave length. If the ship has sufficient instantareo SNiP speed, the course or both should be takendeuts
speed and is near the equilibrium then the suifigidan € dangerous region as indicated in figure 4.
occur.

There are two thresholds to enables surf-ridingeto
possible under certain conditions [2]:

- The f' threshold corresponds to the thrust setting. If
the ship’s thrust in calm water is further increhtigen
the difference between the resistance at the wave
speed and the ship’s thrust has further decredsed.
order to occur the surf-riding of a ship located
anywhere along the front of the wave, the axiagsur
force is enough. In this condition, surging is not
possible and surf-riding remain the only mode of
motion (fig. 3).

. The 2% threshold corresponds to the speed setting. The
situation is applying to certain value where theggg
does not exist anymore and the surf-riding becomes

inevitable at any instantaneous speed and at everyFigure 4 IMO-Diagram Indicating Dangerous Zone Due
position along the wave. to Surf-riding
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In order to determine the surf-riding threshold in
regular following waves, a most suitable solutisnan
analytical one. Despite the fact that this soluibased
on the theoretical background, it is very easy @ b
evaluated. One of the possible analytical solutoiby
assuming the proportionality between the ship vgloc
and the propeller and resistance thrust, wheresktie
resistance, propeller thrust, hull form offset,
manoeuvring and roll damping coefficients and néstp
moment are required. In order to develop a sudiena
assessment criterion it is also necessary
deterministic thresholds for capsizing due to sigiig

thatDevelopment of Second generation

Surf-riding is one of the three major capsizing
scenarios that the new performance-oriented dhabili
criteria is to be included by IMO into the IntadaBility
Code.
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STABILITY AND RECOVERY MEASURES AFTER THE SHIP STAB ILITY WAS
DAMAGE
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ABSTRACT

Ship damage due to maritime casualties leads tdnengrollution, loss of life and properties for thike
improvement of damage survivability is very impottan maritime safety. The maritime casualties gelhe come
from the rough sea and bad weather condition. Therethe large-scaled casualties will be deriveahfrloss of
structural strength and stability due to the pregnee flooding and enlargement of damage by thecefif wave and
wind. To increase the safety of the ship in saitamgl for the safety of life, different crews ofénmiational conferences

have set certain limits the loading of ships, fiffedent geographic areas and seasons.

Keywords: ship stability, damage to the hull, event of damagability calculations in case of emergency, wate

damage, center of gravity.

1. INTRODUCTION

The present paper presents the stability of theeles
undamaged in any versions of the charge must lge lar

enough so that in the event of damage caused by

flooding due to a number of compartments of theewat
holes of a size hypothetical it's stability in theal stage
of flooding to the requirements damaged ship stgbil
and additional requirements for damaged ship stabil

2. SHIP STABILITY CONDITION

Ships longer than 100 meters, damaged shipwhichever

stability requirements must be met and assuming . .
adjacent perpendicular andB, /6or 5 meters, whichever results

common forepeak and its

compartment.
Damage stability following criteria must be met by

a tanker ship:
« initial metacentric height in the final stage of
flooding, before taking measures to increase teasdt
0.05 meters.
e waterline damage before,

flooding

during and after
recovery has to be at least 0.3 metersLgr 10/15C

meters, whichever is the lower, the lower edgehef t
openings in the deck, the walls and borders by fwhits
possible to water penetration into the vessel;

¢ heeling angle in the final stage of flaugli
asymmetric, before taking recovery measures thp shi
should not exceed 2%or 30 if no partition bridge into
the water); angle of heel after taking recovery snees
the ship should not exceed 17

e area under static stability diagram (both before
and after recovery) in the range of 26 position the
equilibrium must be at least 0.0175 mrad.

19

The stability calculations emergency , water holes
are considered to be located in both sides of tieand
in the bottom, and their dimensions are adopted as

follows:

2/3

- an extension lengthl/3L " or 14.5 meters,

whichever results is lower, fa, 3L, from forward

perpendiculars and1/3Lf/3

results less any other part of the ship;
- a transverse extent B/ /6 or 10 meters,

or 5 meters, whichever

results lower foro0,3, the forward

below for any other part of the ship;
- a vertical extent measured in the center line to

the theoretical lines of the bodyB, /150r 6 meters,
whichever results are less.

Damaged ship stability requirements must be met
for the following locations of the side and bottom
damage:

- the oil a lengthL; greater than 225 meters at any

point in the ship's length;

- tankers a length greater than 150 meters , but no
exceeding 225 meters , at any point along the feoft
the ship, except bulkhead bounding the machineagesp
To study the flooding of a compartment is generally
considered in the proportion of 95 %.

The minimum values used
compartments on board are:

- Engine room: 85%

- Living space: 9%

- Empty ballast tanks: 98%

- Spaces for consumable liquids: 0-9%

for  specific
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3. DETERMINATION OF SHIPSTABILITY Considered damage occurred below the waterline of
DAMAGE the ship side ballast tanks in the numbers 2 antitBe
port board . The accident resulted in floodingha two

The ship is symmetrical, the compartments being tanks in the ratio of 80%, an amount of about 4,603
arranged symmetrically on the ship was considerdg 0  of water in each tank.
damage in one board, because the board objected
damage leads to the same results will only tilt the
opposite sign.

To study the stability of the ship in case of daesag
and determination necessary measures to be taken in
such cases, stability calculation was done by sofw
used on tanker ships.

A ship taken as example with double hull tanker
VLCC category has the following features:

* Maximum length: 318.62 meters Cross section of the ship after damage tanks
* Width: 52.00 meters
« Draught: 21.11 meters Following the accident record of the shipistr
« Displacement: 246.302 tons changes , the heel angle, the position of the céwnié
« Deadweight: 209.997 tons and the center of gravity, the new values are:
« Empty Ship Weight: 36.300 tons » metacentric height corrected (GMcor): 3n0&ers
The ballast tanks are arranged in the shape of “L” * bow draft: 22.44 meters
the total amount including the bow ballast tanE4s844 - aft draft: 22.15 meters
tones. Dimensional ballast tanks comply with * trim difference: - 0.3 meters
international standards. Ship's emergency situai#on * heel: - 2.58 degrees

considered as the result of a collision betweendihe
tanker under loading operation and another vessel.
Resulting damage is considered to affect only tiléast
tanks without affecting the cargo, so there is is& of
oil pollution.

The vessel before crash, meets the criteria of
stability for all load situations.

Damage to the hull when the ship fully loaded with
100 % reserves on boardarticulars of the vessel before

the collision are: Ship Stability after damage
- a displacement: 248 934 tons
- a deadweight: 212.637 tons Heel (deg) GZ (m)
- a metacentric height (GM): 3.0 meters 0 0.00
. : ) 5 0.27
- a corrected metacentric height (GM chorus ): 3.03 10 055
meters 15 0.82
- a bow draft: 20.83 meters 20 1.01
- a stern draf : 21.35 meters 25 1.09
- a difference of tri: 0.55 meters 30 1.13
- a heel: 0.06 degrees 35 1.13
- a total ballast: 11.871 tons 40 1.09
- total reserves: 1750 tons 45 1.04
50 0.93
55 0.82
60 0.75
Free surface (reduction) 1.08 m
Dynamic stability (area 0-40 | 8.24 mrad
deq)
GM 3.1m

The data analysis shows that the vessel meets the
criteria for stability in an emergency, the metaden
height in the final stage of flooding is greateanth0.05
meters, the angle of heel at the final stage adding

Cross section through the ship tanks before coflisi
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shall not exceed 25the area under the diagram the static
stability in the range of 2@0 equilibrium position is less
than 0.0175 m rad.

Fault in the hull of the ship when fully loaded hwvit
10% reserve board.

Particulars of the vessel before the collision are:

- a displacement: 248 934 tons

- a deadweight: 212.637 tons

- a metacentric height (GM): 3.2 meters

- a corrected metacentric height (GM chorus): 3.23
meters

- a bow draft : 20.83 meters

- a stern draft : 21.35 meters

- a difference of trim : 0.55 meters

- a heel : 0.06 degrees

- a total ballast: 11.871 tons

- total reserves: 175 tons

Cross section through the ship tanks beforésomt

Considered damage occurred below the watedf
the ship, the bow ballast tank and ballast tankINo.
starboard. Failure led to flooding of two tanks76f%,
an amount of about 7000 tons ballast tank forwar a
4200 tons in the side tank number 1.

Cross section of the ship after damagksta

Following the accident record of the shifisn
changes, the heel angle, the position of the ceamiér
and the center of gravity, the new values are:

emetacentric height corrected (GMcor): 2.91 meters

* bow draft: 24.99 meters

« aft draft: 18.98 meters

« trim difference: - 6.0 meters
* heel: 1.47 degrees

21

Ship Stability after damage

Heel (deg) GZ (m)
0 0.00

5 0.25

10 0.51

15 0.77

20 0.96

25 1.04

30 1.08

35 1.08

40 1.05

45 1.00

50 0.90

55 0.79

60 0.72
Free surface (reduction) 1.33m
Dynamic stability (area 0-| 7.79 mrad
40 deg)

GM 29m

After damage, the stability criteria for tanker shi
are met. Damage to the ship's hull when loaded #néo
100% reserves on board.

Particulars of the vessel before the crash are:

- a displacemen : 225. 952 tons

- a deadweight: 189.657 tons

- a metacentric height (GM ): 5.7 meters

- a corrected metacentric height (GM chorus ): 5.71

meters

- a bow draft: 19.07 meters

- a stern draf : 19.30 meters

- a difference of trim : 0.23 meters

- a heel: - 0.02 degrees

- a total ballast: 26.120 tons

- a total reserves: 1.750 tons

Cross section through the ship tanks before omtlis
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Considered damage occurred below the waéedin
the ship, in the ballast tank in the starboard rem3b
The accident resulted in flooding of the tank a&ta of

85%, an amount of about 4800 tons.

Cross section of the ship after damage tanks

After the crash were the following values of the

trim of the ship:

emetacentric height corrected (GMcor): 5.27 meters

* bow draft: 18.61 meters
« aft draft: 19.93 meters

« difference of trim: 1.32 meters

* heel: 1.40 degrees

Ship Stability after damage

Heel (deg) GZ (m)
0 0.00

5 0.49

10 1.00

15 1.52

20 1.89

25 2.12

30 2.26

35 2.30

40 2.28

45 2.19

50 2.00

55 1.77

60 1.55
Free surface (reduction) 2,19 m
Dynamic stability (area 0-| 15,44 mrad
40 deg)

GM 53m

Data analysis after fault leads to the concluskat t

Damage to the ship's hull where 50% and 10%
loaded on board reserves.

Particulars of the vessel before the crash:

- a displacement: 167 551 tons

- a deadweight: 131.251 tons

- a metacentric height (GM): 8.1 meters

- a corrected metacentric height (GM chorus): 8.12
meters

- a bow draft: 13.50 meters

- a stern draft; 15.51 meters

- a difference of trim : 2.00 meters

- a heel: 0.01 degrees

- a total deadweight : 11,400 tons

- a total reserves: 175 tons

Cross section through the ship tanks befollesiom

Considered damage occurred below the watedf
the ship, in the ballast number 2 and 3 starboahe
accident resulted in flooding of the two tankshe tatio
of 70%, an amount of about 4,000 tons in each.tank

Cross section of the ship after damagksta

The ship after damage:
emetacentric height corrected (GMcor): 8.48 meters
* bow draft; 13.93 meters

« aft draft: 15.56 meters
« difference of trim: 1.63 meters
* heel: 1.29 degrees.

the vessel meets the criteria for stability in an Ship Stability after damage

emergency.
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Heel (deg) GZ (m)
0 0.00

5 0.74

10 1.50

15 2.31

20 2.88

25 3.34

30 3.63

35 3.76

40 3.79

45 3.66

50 3.39

55 3.00

60 2.57
Free surface (reduction) 3,16 m
Dynamic stability (area 0-| 23,58 mrad
40 deg)

GM 8,5m

In this case the ship stability criteria are met th
stability damage

4. RECOVERY MEASURES AFTER SHIPS
STABILITY DAMAGE

The study of stability for a significant tankertise
study of situations involving damage to hull, iresed
degree of risk situations in the operation of thesssels.
Risks arising from damage to the hull of the shigetso
vitality and potential polluter of these situations

In emergency cases studied in this wor,whssel
is considered in the operation of the offshore teain
and damage occurs due to its collision with another
vessel. Even if you are placed in areas where olil
terminals operating system offshore maritime safaty

high risk may occur that can damage the vessel in

operation , the constructive elements of terminad a
inevitable stop operation for a period of time sse@ss
and remedy the damage.

In the cases studied occurred only damage the hull

in operation, with severe side ballast tank aredouit
damaging the cargo and thus eliminating the risloibf
pollution.

against a certain point of failure, which leads the
reduction of the balance tilt angle , the end ofclthis

98 degrees, causing a change in the trim of theOgap
meters to 0.41 meters trim by stern. In the finags of
recovery, the metacentric height is estimated & 2.
meters high minimum value required by the rules in
force for ship damaged registry. Following recovery
operations, hull stresses are within the normdl lieihg
called longitudinal or transverse.

If the damaged tank flooding the starboard forward
ballast tank number 1, the ship's recovery measures
consist of controlled ballast tank number 3 of both
borders, with a greater degree of filing of thenka
opposite board failure. Heel of the ship after kecy
will be 0.4 degrees, the difference being 5.6 nseter
trim the bow. Damages due to the two tanks located
the bow of the ship trim difference will have langgues
both before and after recovery. Metacentric heafter
recovery amounts to 2.7 meters high minimum value
required.

In both cases suggests a relief ship bynioading
oil from the vessel tanks, ensuring the trim neetted
bring the ship to the nearest port. Also, if thgsh fully
loaded exclude transferring cargo between shipg'goca
tanks.

The third and fourth cases crash recovesgsures
were the ship's ballast tanks controlled ballasting
opposite fault, values final trim of the vesseloafl in
ensuring optimal conditions for bringing in the res
port. Also, given the degree of filling of cargmkas is
possible and recommended conducting cargo transfer
operations to achieve stability criteria of the @aed
ship.

Vessel stability requirements are providedd
where the ship operates an external point, windare,
which produces change transverse stability of kie. s

4. CONCLUSIONS

Ship during recovery operations required special
attention should be paid to the values affectedlsar
forces and torques developed in the hull, espgciall
the central area of the ship where their values

Measures proposed and analyzed for recoveryapnroaching critical limits for ship located on thigh

damaged ship include:

« a controlled ballasting operations;

 a transfer of cargo operations from ship tanks.

In emergency situations the master camiate to
ensure the stability of the ship's crash and regove
through controlled ballast tanks in the oppositarto
failure or transferring cargo between ships’ tanks,
especially the damage from the tanks of the tabksal
the opposite board.

For emergency cases studied, recovery measures ar

based on the ship's ballast operations controlkdthgi
tanks on the opposite side of the fault. The recowoé
the damaged ship cargo transfer can be achieveasis
where the ship has a load that allows for suchaijuars.

In the first case study, damage to the ballastsank
aboard the number 2 and 3 port, recovery measakes t
were the controlled ballast tanks 2 and 3 starhoar
starboard ballast tank 2 and tank 50% ,3 starbbaltest
90%. The controlled ballast tanks is made of twb ti
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seas. An increase their values can lead to loogeania
deformation of the resistance structure of the ,hull
leading ultimately to phase cracking or breakirgnth
Measures taken on board the ship after damage
recovery should be accompanied by measures to stop
operation, to ensure that the connection operatfche
ship and buoy operation will not be affected, and
reequesting assistance to ensure the ship and kring
port.
Due to the loading of the vessel, depending on the
angle of inclination longitudinal or transverse efdhe
ship may cause the overflow of oil pollution from
tankers cargo on deck through holes too full ofgoar
tanks. Limiting pollution is achieved by taking sson
as the recovery measures, such that any reductitmei
level of cargo tanks below the outlet openings.
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SATELLITE FIX ACCURACY AND ERRORS

'BOSNEAGU ROMEO?LUPU SERGIU
LZMircea cel Batran” Naval Academy, Constanta, Roraani
ABSTRACT
Satellite positioning of the ship is done by mea®upseudo-ranges from multiple navigation sagsliof which
derive several satellite lines of position (LOP}. tAe intersection of these lines of position igaifed the satellite
position of the ship, i.esatellite fix Considered to be the most accurate positionistesy used in maritime navigation,
a navigation satellite system may have specificgatpal errors that produce errors in the accurddie fix, which in

certain technical and environmental conditionslwaisignificant.

Keywords: satellite, line of position, errors, accuracy.

1. INTRODUCTION measured distance is given, in a general way by the
formula [5]:
A Global Navigation Satellite System - GNSS 2 2 2
provides the ship over ground position, constardalyd Drea =\/(X ) X) + (Y' y) * (Z' Z) (2)
in real-time (course and speed over ground), shipwhere:
drifting, the deviation from the orthodrome, aslives X, Y, Zare the Cartesian coordinates of the satellite;
other navigational information (way points, etd.).[ X, Y, z are the Cartesian coordinates of the satellite

The information on the position and movement of receiver
the ship is displayed on the satellite receivenrfiwhere
they are transferred to electronic navigationalrishand 2. SATELLITE FIX DETERMINATION
other navigation equipment, which is interconnedted
an "integrated navigation bridge" — INB [2-3]. When using position information from two satellites

Determining the receiver - satellite distance iseglo  (Fig. 1), the receiver can be anywhere on the eiofl
in the receiver by processing the GPS satellitesintersection of spheres determined by signals ftamnm
continuously broadcast signal. This distance, dalfe satellites.
the literature "pseudo-range" due to specific egritrcan
be determinedrom [4]:

1) The time necessary for the signal continuous
emitted by the satellite (encoded) to cover thelltzt —
receiver distance multiplied with the speed oftigh

2) The signal phase analysis.

As in the determination of pseudo-range occurs the
error of synchronization between satellite and ikexe
clocks (while the refraction error is eliminatednalst
completely by the dual frequency method by using a
model or refraction), within the known equations of
observation comes receiver clock correction. Ireord Figure 1. The position from two satellites
determine the three coordinates of an arbitrarytp@i,
[, H) or (x, y, z) will be required four simultaneou
observations as many of GPS satellites, resultim@ i
system of four equations with four unknowns, tHe 4
known as clock correction.

The real distance to an satellite navigation is:

Dsat = pseudo-range + Vsm ¥, (1)

If information comes from three satellites (Fig, 2)
the receiver is in the point determined at therggetion
of three spheres from the signals emitted by theeth
navigation satellites.

where:
Ds.: - is the actual distance to the satellite;

v - error of the satellite time, appeared by resuftem
the differences between the GPS time and thelligate
time (corrected periodically by the Command Ceuoter
the UTC time)which can be positive or negatjve
Vsm - the signal propagation speedtafnsmitted by the
satellite and equal to the speed of light

When using four satellites to determine three-
dimensional position of a satellite receiver, thealr

Figure 2. The position from three satellites

25



Constanta Maritime University Annals Year XV, Vol.21

In order to determine the observer's position with (SA) is turned off, total UERE could be less than 5
navigation satellite observations in a Cartesian meters, with the actual value dominated by inospher
coordinate systenx, y, z (latitude, longitude and and multipath effects. Dual frecquency Precise
altitude) there need to be four satellites wittia tange Positioning Service users, with the capability ¢éonove
of visibility. The ship’s satellite fix is plottedn the almost all of the ionospheric delay from the pseudo
navigation chart in a same way of a radio fix with range observations, can experince even smaller JERS
simultaneous observations. Thus, the graphicalevafu [1]

the error in the fix against the estimated point is The Geometric Dilution of Precision of a GPS fix
determined, while the ship’s course is plotted frthra point is denoted by DOP (Dilution of Precision)rd&s
satellite fix. After, determine the amount of eriorthe in range(ed) produce the movement of the DOP with
dead reckoning fix, and draw the ship course from t ) ) L
satellite fix (Fig. 3). (sd) values, according to the range gradient variation:
b 9g =1t g =264 ®)

aiCl

Geometric value of the error (G DOP [6-7] is givan
the sum, 0 .i.e., Figure 5):

G DOP:| &t g+ g+ _g| =
| 4)

(n-1) axe

y

1
:—\/sf +sl+s Fis 2
s

Figure 3. Theplotting the ship's satellite position where:
o ) o O Gy, G, represent the gradient variation of distance on
The simplified algorithm for determining the the three axeX, Y, Z

satellite fix is_the following: . ) O - the amount of the gradient variation of time;
- determine the dead reckoning point of the ship s s, s s, are the standard deviation and the standard
and put it on the chart; deviations on the three axxsY, Z

- note the time and reading of the loch;

- determine the satellite fix (latitude and longitu i
from the satellite receiver are read); ! SAT,

- determine the course over ground - COG (read the
COG value from the satellite receiver);

- determine the total drift value (read the valde o
the drift from the satellite receiver);

- plot the COG (COG with a thicker line than True
Course);

- plot the satellite fix on the chart;

- determine the error in the fix as bearing valod a
distance from dead reckoning point to satellitengoi

- plot the new true course in compliance with the

Passage Planof the ship, or the one required by ) . o .
navigation circumstances. Figure 5. The geometrical dilution of position

The graphic sign of the satellite fix on the chast Basically, the geometric value GDOP is the sum
represented in Figure 4 (two concentric circles, bbw 4 square$DOP (Position Dilution of Precision in three

line drawn With_a dotted line, and the line thatarks a dimensions) an@DOP (Time Dilution of Precision):
measured bearing).

St is the time standard deviation.

G DOP? = PDOP? + TDOP? (5)
Satellite fix DOP value is given by the volume of
-> pyramid defined by the positions of pseudo-ranges
measured from satellites (Figure 6).
Figure 4. The graphic sign of the satellite fix =§=

3. SATELLITE FIX ACCURACY |

The accuracy of positioning with satellite /A L
observations depends on the degree of precisioa of ,mg@ ,,,,,,,, f:f,,,
single pseudo-range expressed by error of distdeer Vi 3
Equivalent Range ErreJERE), or by standard P !
deviations,, as well as by the geometric configuration of
the satellite orbits.

For Standard Positioning Service (SPS — ,minimum ﬁg@
performance level”), the total UERE is typically tihe Figure 6. The DOP value

neighbordhood of 25 meters. When Selectiv Avaiigbil
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When the value ofPDOP=1, a GNSS system is
considered excellent (its accuracy is excellentr f
PDOP=3...4 a GNSS system is very good; for PDOP=8
it is acceptable, and for higher than 9 value ofOPFDa
GNNSS system is poor.

The values of PDOP, HDOP, TDOP and VDOP are
determined with [1]:

l 5. 2.2
P DOP=—,/s; +5  +S
S X y z

(6)

where:

PDOP - Position Dilution of Precision
dimensions;

HDOP - Horizontal Dilution of Precision;
VDOP - Vertical Dilution of Precision;
TDOP - Time Dilution of Precision.

in three

P DOB = H DOF + V DOF (7)

In navigation practice it is necessary to take into
account the value of PDOP in three dimensions, HDOP
and VDOP; the geometric GDOP is of interest to GNSS
equipment manufacturers.

Table 1. Optimally positioned in two dimensions [2]

Errors Three satellites Five satellitgs
G DOP 1.291 1

H DOP 1.1547 0.8944

T DOP 0.5773 0.447

Table 2. Optimally positioned in three dimensions

Four satellites

Errors (elevation angle E=0°)
G DOP NE)

P DOP 2/2/ 3

H DOP 2//3

V DOP 2//3

T DOP 1/+/3

The disparity between H DOP and V DOP values is
larger for higher latitudes (north or south) beeathere
are fewer satellites high in the sky. This limibati
comes from the fact that the inclination of the GPS
satellite orbits is about 55°, witch means that yain
never have a satellite directly overhead at a north
south latitude of 55°. At the poles, the higheswation
angle possible is about 45° [8].

Analysis of the uncertainty area at the intersectd
LOPs is:

1) for an angle of intersection of pseudo-ranges t
the satellite close to 90the area of uncertainty tends
towards its minimum value (Figure 7);
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Figure 7. The uncertainty area for an angle clos#0t

2) for an angle of intersection of pseudo-ranges
which goes below zero, the uncertainty area teadtst
maximum value (Figure 8).

sA7

i

Area of

Figure 8. The uncertainty area for an angle clog t

4. ERRORR SOURCES OF ERROR IN THE
SATELLITE FIX

Sources of errors in determining a ship’s position
with satellite information are: propagation errogs;ors
due to navigation satellites; errors due to satelli
receivers.

Satellite signal propagation errors are: delaystdue
variable  weather conditions; discontinuity  of
measurements; uncorrected refraction due to the
influence of ionosphere and troposphere - corractib
refraction is done completely on two-frequency
receivers, partially on receivers that work in; L
(50+70%) frequency. The quality of the signal eeditt
by the navigation satellite when passing the iohesp
(50 km ... 1000 km from the Earth's surface) ieatfd
by: the angle of incidence to the ionosphere; dnniss
period (day or night); extent of time of solar pees
emission; ionospheric disturbances; local influsnoé
terrestrial magnetic field; satellite signal freqog. The
value of the error caused by the influence of the
ionosphere on calculated pseudo-ranges is 3 m,1br
a satellite located at zenith, and 9 ... 45 m featellite
at a height greater than %0This error can be
compensated by using differential - satellite infation,
transmitted to the receiver either directly, or sédellite.

Propagation errors due to the influence of the
ionosphere are calculated in the ground controtresn
and are transmitted in the precise code P. For
commercial receivers in C/A code it is importantake
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into account the error of ionosphere, which can be Errors of GPS receivers are: own noise of receiver

significant in some atmospheric conditions. due to its construction and design; the precisibthe
GPS satellite signal quality emitted during passing measurements, and errors due to movement of receive

through troposphere (30 km off Earth's surface) is

affected by the effect of dry land and water swefac 5. CONCLUSIONS

which influence the atmospheric humidity. The vatide

error caused by troposphere influence on calculated The methods for measuring pseudo-ranges, have by

pseudo-range is 2.5 m for a satellite located aitlze  definition, as a result of natural causes or dessgme

and 25 m for a satellite at a height greater tHéfn 1 degree of imprecision, which leads to changes @irth
The signal transmitted by a navigation satellita ca values. All these are measured by the concepttefrial

be received on board by direct or a reflected wave.noise of the receiver, and satellite transmissibhis

Installing the satellite receiver antenna in a wg/on error has a very low value, and is significantlyabaed

inadequate position leads to the occurrence oflisate by appropriate design solutions, and by use of

signal reflected waves that can affect, in a negatiay, differential satellite signals.

positioning accuracy. This error can’t be elimimhte Error reduction in positioning as a result of ship’

through a differential signal, but only through rmer movement is done by using Kalman filters at the

installation of the receiving antenna. reception and processing of satellite signal. Dyitine
Errors of navigation satellites are: low level of ship’s maneuvering or swing, when high acceleration

knowledge regarding the actual orbit of satellisgsa levels occur, this solution is no longer effectivand

certain moment; differences between the satelliteet inertial motion sensors are required, in order ffowa
and the time of the satellite system; interference, transmission of information necessary to quickly
jamming and deliberate degradation of the satellite calculate accelerated motion of the ship's position
signal.
These errors are processed in such a way, so as the. REFERENCES
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During the ship position determination with satelli  [7] SIOURIS, G. M. Aerospace Avionics Systems- A
observations, the satellite signal can be inteedi@s a  Modern SynthesifAcademic Press, San Diego,
result of unconventional sources (TV broadcasts,[8] LANGLEY, R. B. Dilution of Precision University
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28



Constanta Maritime University Annals

Year XV, Vol.21

WEATHER AND OCEANOGRAPHIC INFLUENCE ON THE MARITIME

NAVIGATION

'BOSNEAGU ROMEC, SCURTU IONUT-CRISTIAN

Naval Academy "Mircea cel Batran“Constanta Maritime University, Romania

ABSTRACT

At the sea, the ship is subjected to the actiorweéther and oceanographic factors. These can denera
dangerous phenomena (hurricanes, storms, movindpiwevisibility, huge waves - tsunamis, etc.) thaakes maritime
navigation extremely difficult, worsening the stgeaconditions of the goods on board, can lengtimenvoyage,
increase fuel consumption, ship’s ageing, andnissability, can create stressful living conditidos the crew, and in
some negative cases, can become real threatgpaaii navigation safety

Keywords: Weather and oceanographic factors, navigation yafet

1. INTRODUCTION

During unfavourable weather and oceanographic

conditions the charging and discharging port openat

are stopped, along with fishing; vessels shelteniin

outside anchoring areas, go to open sea or ligtabo
Given that, no vessel, regardless of their robsstne

and power propulsion system, is not guaranteechagai

During the voyage, in bad weather, with strong
winds, ships have to avoid storm areas or findtshed
areas, which leads to increased fuel consumptiod,ira
addition, to delays, damage to cargo ahip, damager
loss of fishing gears, etc. Generally, under wictoa
the ship is moved, drifted away from the plannedrse.

In navigation, the drift angle, the wind drift deg@

, between true course drawn on the chart and course

damage, or even its loss caused by severe weathethough water materialized by the moving of the gyav

phenomena, it is necessary to know, in depth, the
influence of hydro-meteorological factors.

Analysis of ship, cargo and crew safety, is closely
related to the economic factor, and to the profiitsdof
the voyage; this is needed to be done in ordeelecs
the safest route, so as to meet the economiaiarioé
performance, and to prepare the ship and crew for
navigation in bad weather conditions.

2. INFLUENCE OF THE WIND ON MARITIME
NAVIGATION

Wind is one of the most important meteorological
factors that influence navigation directly by:
drifting of the ship;
induced oscillations;
ship inclination;
- formation of currents and wind waves (near taas
area they determine water aflux and deflux, whiah loe
a dangerous for the ship, since it can cause ship’
grounding ) .

Depending on force and wind direction, ship speed

may decrease or increase. Contrary wind can cause

increase in ship’s headway and decrease of itsdspee
With favourable wind, the headway decreases anddspe
increases. However, in the favourable winds of éosc
or
conditions, and to the increase of headway; this
phenomenon is accompanied by the ship’s roll atwth p
(with negative influence on the ship’s stability dan
propulsion system operation).

In the port a strong wind can make lashing
operations more difficult, or may affect the ship’'s
loading — unloading, finally affecting the ship'ssgtion
at berth. Also, strong winds hinder industrial fieh or
make it impossible.
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higher, vessel speed decreases due to rough sea

centre of the ship through the masses of water, is

obtained by visual observations; for this, the

mathematical relationship is:

a=TC- CTW (1)

Where

ais wind drift;

TCis true course;

CTW is course thought water.
A simple relationship

determination of wind drift is:

HrS Vo
H"r, S Vy
where: is the angle of wind drift,H and H"-
experimentally determined coefficients of each gkss
depending on its construction characteristicg,- air
density, , - water densityYw - wind speedyy- ship’s
speedqy - real wind directionS - emerged surfaces,-

submerge surface;
Using K as:

for the analytical

sina = sing,, (2)

K = 57‘3’1&3 (3)
H"ry S
the ship drift coefficient become:
2
a=K % sing, - 4)

N

To simplify the calculations we used assumptions:
2

W =12andsing, = 085. The ships shown

in

S
Table 1 under the same conditions in order to sthey
influence of constructive parameters and weathat an
oceanographic conditions on the ships drift. Tliusan
be seen that LNG tankers and passenger ships have t
largest angle of drift conditions studied.
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It is noted, that for small wind speed, the drift P _1C V2 5
calculated differences are quite small and graphs a”y of aVw (5)

overlap. For higher speed the values can bewherePais the air pressure per square meter of surface

individualized for each type of vessel from fiveosm.  emergedCo - coefficient depending on the architecture
This is due to small variations of drift coeffictei construction vesselo - density of airVw -wind speed
which is the gradient of the graphs f(k) for eaelssel in  \ve can simply observe that in case of ships with lo
Figure 1. aerodynamic qualities, like the fishing vessel, the

pressure is higher and will cause a higher forcerot
according to fig. 2. At the same speed ships vélieha
different force acting on 1 mThat is why we should
study the equipments arrangement on the main deck.
Also this shows us the necessity of fluid flow gstuzh

the emerged part of the ship in air tunnels anéh @i D
software.

Figure 1 Drift coefficient used as a gradient & th
graph f(k)

Drift coefficient is calculated or determined by

observations in different navigational operational
conditions. In technical documentation, it is coesed
K = 1.30 in most cases and is determined by a apeci
nomograms, specific to each ship (which also comes
with known arguments: ship speed, wind speed and
direction and determine the angle of drift) .

In practice of navigation it is established that th  Figure 2 Pressure variation according to speechimd
size of wind drift angle, essentially depends omdwi type for 1
speed and direction and area ratio emerged and
submerged in centre plane of the ship. The draft is
greater and speed increases, than the wind désss

wind pressure (Figure 2) on a square meter

emerged is:
Table 1 Specific values for various types of stiggshe ship’s service speed
Ship type S . 2
H . V
S S = — K sing —W a
S H" vy
Passenger ship 6405t 1506,2 12147 1,24 25,51 1,42 0,85 1,2 1.45
Cargo ship 175154 t 2072,3 4002,8 0,51 36,42 1,33 0,85 1,2 1.36
Tanker 107000 t 1245,4 2539,6 0,49 36,70 1,28 0,85 1,2 1.31
LPG tank 104000 t 4222,6 3007,8 1,40 14,22 1,48 0,85 1,2 1.46
Fishing vessel 380t 81,2 70,5 1,15 15,75| 1,30 0,85 1,2 1.33
2. rapid change of its elements in space and time.
3. INFLUENCE OF WAVES ON MARITIME Regarding the size of the waves, besides speetieof t
NAVIGATION wind, and its duration, the surface and form of sea

basin are equally important.
The agitation of the sea caused by wind is one of
the main weather factors influencing safety of gation In practice, it is very important to do the stadist
and profitability of naval transport. analysis of sea agitation, expressed numericadiywéen
Wind waves produce ship’s oscillations and also its elements of waves (height, length, period, general
drifting from the planned course. Sea agitationdped direction of movement) and weather and oceanogeaphi
by wind is characterized by: factors that generate them.
1. irregularity: irregular values of characteristiand Based on various theories on wind waves, as well as
shape of waves (a big wave may be followed by alsma on practical observations, wind diagrams and
wave or even a bigger; changing shapes and diresjtio nomographs were drawn.
This complex structure of the sea is caused by emev During navigation in dangerous waves, the greatest
and turbulent winds. danger is the phenomenon of resonance. Resonance
means the coincidence of the period of oscillabbithe
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ship with the apparent period of wind wave. The

apparent period of wind wave depends on the spéed o

the march and the angle between the course and th
wave direction.

4. INFLUENCE OF BOW/STERN WAVE ON
SHIP’S STABILITY

Ship’s stability depends on the course, the dioecti
of waves, wind and ship speed ratio, wave periatitha
oscillation period of the ship on the wave.

Ship’s oscillations on the wave give rise to haimfu
phenomena such as:

 introduction of forces and moments whose
effects can cause the ship to capsize, due todbis
stability. Transverse ship’s oscillations, (Tab)eshould
not overlap wave period, as it may lead to loss of
transverse stability, and may cause the changehef t
course.

« occurrence of inertial forces and wave blows,
which can lead to partial or total destructionit# ship;

« slowing of ship’s speed, because its sidesnste
and bow sink in water , thus increasing frictidnship
and water , which results in headway increase;

» worsening of living conditions on board, etc.

Table 2 Values of oscillation period for differagpes of

ships
Ship type Transverse | Longit. Transv. | Longit.osci
metacentric| metacen| oscill. Il.period
height tric period T [s]
[m] height T [s]
[m]
Passenger 0,62 223 27,03 31,20
ship 6405t
Cargo ship 1,25 210 30,59 40,00
175154 t
Tanker 1,68 180 24,74 32,21
107000 t
LPG 1,95 195 27,22 44,52
tank
104000 t
Fishing 0,95 30 17,93 22,43
vessel 380t

During navigation with bow wave, the ship has a
strong pitching motion, but the time the ship stayshe
wave’s crest is very short. With stern wave, delosm
on the speed of the ship, ship’s stability is miedifin
the worst case, shallow water, when the bow waeedp
equals the ship’s speed (the extent of time wherstip
stability is minimum theoretically infinite).

Determination of the ship’s course (Table 3) insecaf
critical stability is obtained by the relationship:

t

+

(6)

cosq W 1
y = —
\%

S c

where: q is the wave directionys - vessel speedyv -
wave speed]c - the period of ship’s oscillation ; + sign
corresponds navigation in stern wave and the - &ign
navigation in stern wavd. - waves period.
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Table 3 Determination of stability critical courfes

t =4.4sec
Ship type W Oscillation Wave

A period direction

Te Qv

Passenger ship 6405tf 5 31,20 32.52
Cargo ship 175154 t 0.45 40,00 28.47
Tanker 107000 t 0.47 32,21 30.45
LPG tank 104000 t 0.44 44,52 27.56
Fishing vessel 380t 0.23 22.43 15.68

Under given conditions/,=7m/s andf =4,4 sec,
we calculated wave directiog, we noticed that large
ships with big displacements have a similar behavio
The fishing vessel, due to its small size is subjec
special shipping conditions, and that is why itidddoe
studied separately.

Unfavourable situations can appear when the wave
hits the stern, in case the length of the wave15-0.75
of the ship’s length andy V.

When the wave hits from the stern there can appear
unfavourable situations, i.e. when the ship’s sp&ed
between 0,6...1.4 of the wave speed.

In conclusion, the movement of the ship with bow
or stern wave is dangerous. Big ships must alter th
course, so as to avoid the phenomenon of resorihate
can lead to breaking of the ship.

4. THE LOSS OF SPEED DURING ROUGH SEA
NAVIGATION

Decrease of speed during rough sea navigation are
caused by:
1. increased head away due to ship’s oscillatiam$ a
waves;
2. changing the operating mode of the propulsictesy
under strong pitch influence ; such phenomena ease
total or partial emergence of propeller out of watk
direct influence of the horizontal displacementtbé
superior layers of water that participate in  wave
movement.

Thus, the speed variation due to wave action is
expressed by:Vy=f(Vn, , , /v, /VIL, q), where -
is the block coefficient, — is ship’s displacement, h -
wave heightg, - direction of the wave movementv/L —
ratio between length of wave and ship.
First of all, the loss of the ship’s speed duringve
navigation depends on the degree of agitation efséa
and ship’s structural characteristics. For examjtlés
shown that, for ships with 0.74, 0.76 with wave
height of 3 to 4 m, the forward ship’s speed isucsal
by 40 ... 50 %, and in what wave influence is coned
it is proportional with the square of the wave Inig
Also, the loss of speed can be calculated by graphs
nomographs, and software specialized on typesipssh
taking into account the load, ship’s speed, wavighte
and its direction (Table 4)
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Table 4 Estimated speed losses values with AutoPowe
Programme for Beaufort Scale 4-5 and 6-7.

Ship type Summer Scale Scale
Deadweight 4-5 6-7
[t]

Passenger

ship 6405t 6405 24% 35%
Cargo ship ) )
175154 t 175154 9% 20%
Tanker . :
107000 t 107000 10% 25%
LPG tank

104000 t 104000 11% 25%
Fishing
vessel 380t 380 35% 50%

For a ship with certain characteristics #@g size is an
important parameter, as it represents the ratiathef hull
volume and the parallelepiped formed by the shigrgyth,
width and draft. Thus, for a higher value@B we will have a
hull volume growth leading to higher drag.

Growth in headway can be analysed by artificiatigreasing
the block coefficient, as follows (Figure 3):

Ce =1(r, Gy

where G is the standard value of the vessel ands a
coefficient determined by the values:

- for sea - grade 3-4, r = 4.058792

- for sea - grade 5-6, r =5.491857

Figure 3 Increased ship resistance for differeig sh

In this way we can correct the block coefficient
calculation inserted into relationships of headwasgd

will get high headway values proportional to Thus,

the headway iR= R (1 +r? for the various sea grades.
By comparison figure 3, shows the corresponding
differences observed in the three cases: calm s,
grade 3-4, and sea grade 5-6. In figure 3, fotwason

in which power of the propulsiosystem is the samia

the three situations, we can read the corresponding
velocity values in the graph.

6. INFLUENCE OOF SEA CURRENTS
ON MARITIME NAVIGATION

Sea currents represent the water masses moving in
one direction with a certain speed. Sea currerterdi
according to the forces that produce them, to the
duration, depth, etc. a total current, variablerremt
analyzed as a variable sum of several speed eofor
some marine currents (regular, temporary — Takd@ad
Table 6)

In practice there is an amount of sea currents] tot
current - current variable analyzed as a variapéed of
several vectors of some marine currents (regular,
temporary)

\/t :Vl +V2 +V3
where:V, is the total current/, - permanent current/,
— periodic currentys- current temporary.

)

Given these considerations, it can be shown that
maritime navigation is conducted:

- in areas with permanent currents;

- in areas with varying currents.

Navigation in areas with permanent currents
requires knowledge about currents, that can bedfénn
nautical documents, at an acceptable level of igimet
movement of the ship over the ground can be detesuni
graphically (course and speed over ground). N&diga
in areas with varying currents is the common case i
maritime navigation.

Table 5 Calculated values for temporary currents

atitudine
Speed 1 5 10 15 20 26 30
0 0 0 0 0 0 0 0
1 0.095885| 0.042908 0.030399 0.0249 0.021662 0.01948817918
2 0.191771] 0.08581% 0.060798 0.049801 0.043324 073BD.035837
3 0.287656| 0.1287283 0.091196 0.074701 0.064986 065HBMD.053755
4 0.383541| 0.171631 0.121595 0.099602 0.086648 ORF[D.071674
5 0.479427| 0.214538 0.151994 0.124502 0.10831 0.(OV41089592
6 0.575312| 0.25744% 0.182393 0.149403 0.129973 03MpD.107511
7 0.671197| 0.300354 0.212791 0.174303 0.151635 0IBHD.125429
8 0.767083] 0.343261 0.24319 0.199204 0.173p97 0.3%65I0143347|
9 0.862968| 0.386169 0.273589 0.224104 0.194959 096753.161266
10 0.958854| 0.429076 0.303988 0.249005 0.216621 08M48.179184
11 1.054739| 0.471984 0.334387 0.273905 0.238283 07243.197103
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12 1.150624| 0.514892 0.364785 0.298306 0.259945 0628338.215021
13 1.24651| 0.557799 0.395184 0.323706 0.281607 0.2538623294
14 1.342395| 0.600707 0.425583 0.348607 0.303269 035728.250858
15 1.43828| 0.64361% 0.455982 0.373507 0.324p31 0.2023R268776
16 1.534166| 0.686522 0.486381 0.398408 0.346593 O0OIHL[18.286695
17 1.630051 0.72943 0.516779 0.423308 0.368P55 0.3B13D304613
18 1.725936| 0.772338 0.547178 0.448209 0.389918 0%HP0.322532
19 1.821822| 0.81524% 0.577577 0.473109 0.41158 0.3702®.34045
20 1.917707| 0.858153 0.607976 0.49801 0.433p42 0.389358369
Table 6 Calculated values for temporary currgfetantinuation)
Latitudine

Speed 35 40 45 50 55 60

0 0 0 0 0 0 0

1 0.016731| 0.015807 0.015072 0.014483 0.014008 O0JBLB6

2 0.033462| 0.031613 0.030145 0.028966 0.028015 0322

3 0.050194| 0.04742 0.045217 0.043449 0.042023 0.04p87

4 0.066925| 0.063226 0.060289 0.057932 0.056031 O0O0KHAS

5 0.083656| 0.079033 0.075362 0.072414 0.070039 02%81

6 0.100387| 0.094839 0.090434 0.086897 0.084046 OFmL7

7 0.117119| 0.110646 0.105506 0.10138 0.098054 0.09538

8 0.13385| 0.126452 0.120548 0.115863 0.112062 0.8)H00

9 0.150581| 0.142259 0.1356%1 0.130346 0.12607 0.12P63

10 0.167312] 0.158065 0.150723 0.144829 0.140077 03862

11 0.184044| 0.173872 0.165795 0.159312 0.154085 08#4P8

12 0.200775| 0.189678 0.180868 0.173795 0.168093 00%6B5

13 0.217506] 0.205485 0.19594 0.188278 0.182101 0.5H}13

14 0.234237| 0.221291 0.211012 0.2027961 0.196108 061907

15 0.250969| 0.237098 0.226085 0.217243 0.210116 08043

16 0.2677| 0.252904 0.241157 0.231726 0.224124 0.218012

17 0.284431| 0.268711 0.256229 0.246209 0.238132 0383[L6

18 0.301162| 0.284517 0.271302 0.260692 0.252139 06452

19 0.317894| 0.300324 0.286374 0.275175 0.266147 02H88

20 0.334625| 0.31613 0.301446 0.289658 0.280155 0.FH251

7. INFLUENCE OF THE WIND IN NAVIGATION

0,241 and this could be used for further approxiomast

of temporary currents.

One problem is that of temporary currents causedThis relationship is valid for open ocean areas, fo
by wind, whose speed can be determined with aregular winds, and constant density of sea water.
satisfactory relationship for the high seas andularg

wind:

00127

V,

temp . W
J/sin/

®

Where: Viemp is temporary speed (wind) in m/g; -
latitude of the placeyw - wind speed in m/s.

We can observe from calculated values for
temporary currents tables that the maximum valueris
20 m/s and for 1 degree latitude. The average value

33

For high wind speeds, rough sea, local configurstiof
the maritime basins, it is difficult to calculateet speed
of the wind current. Calculated nomograms can leelus
it is accepted from the very beginning that theespef
the wave at sea surface ranges in geographitaide;

it decreases at higher latitudes.

w

K = Vtemp

V,

w

)
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8. INFLUENCE OF TIDE ON MARITIME
NAVIGATION

Sea level variations are of particular importanoe o
navigation in shallow water areas, in coastal naag,
and ports entry areas.

with the ebb and flow. Great importance of thealtid
currents, waves and wind are assessed and thirdact
have huge influence on maritime navigation.
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MODERN HYPERBOLIC NAVIGATION SYSTEMS. PRESENT AND F UTURE

'BOSNEAGU ROMEO?LUPU SERGIU
12Z’Mircea cel Batran” Naval Academy, Constanta, Roraani
ABSTRACT

Hyperbolic navigation systems are systems desigmeulovide long distance positioning informatioORAN C
system is operating and provides position inforaratfor ships and land vehicles, too. Today, theme some
modernization programmes called Eurofix, eLoranictaim to increase the positioning accuracy, migtability, and
independence from satellite navigation systems.ofidteal accuracy of these modern systems is cabipatvith
navigation satellite systems accuracy.

Keywords: hyperbolic navigation systems, LORAN C, accuracy.

1. INTRODUCTION

Hyperbolic navigation systems are designed to
provide long distance positioning information. They
have their origin in the third decade of the twetfti
century, when they began the first research stirdthe
realization of such a system, the precise contfol o
aircraft and ships motion, besides opportunitids
visual orientation. One such system is the LORAN
system (Long Range Navigation), which is a time
differential hyperbolic system. The first serieslLafran
transmitters (repeaters) was set to work in 1948se

would further become the hyperbolic system called Figure 1. The Loran point
LORAN A. ) o
A chain of LORAN A series was composed of a The maximum error of the Loran fix is calculated
main station (master) and several secondary station using the ratio:
(slave) located at a distance of 600 nautical milem ax = cose(H\/ sk + sh+ 2sh shcom 1)

one another, with a range of 800 ... 1200 nautititds, here:

at daytime, and 1200 ... 1500 miles, at night tifftas w e_re.th . fal fix:

system worked until 1980, when it was replaced with EmaxIS th€ maximum error of a Loran 1ix, .
hyperbolic LORAN C system. Thieoran C  hyperbolic sh an(_j_slh — the errors in determination of Loran lines
navigation system is an advanced variant of theahor of position; ) ) , .
system, being a being a time and phase differential? " the angle of intersection of Loran lines of piosi.
system. The main Main features of Loran C systean a ,

working frequency 100 KHz; power output 250 ... 400 Table 1. The value of the maximum error of LORANIC

KW,; 1000 nautical miles range of direct wave, angd The The The The The
to 2300 nautical miles range of reflec'ied wavehisT - err_o; err_o; err_o; efoFt erf_OE
system is currently in service as Loran: Qchains of angele S‘;z';b S‘;z';b S‘;z';b th""sr;b S‘;z';b
stations: the Saudi Arabia northern chain then€l8ea al 5cbl | 4cbl | 3chl | 2cbl | 1ecbl
southern chain, the East China Sea chain, thedfor Emax Emax Emax Emax Emax
chain, the Pacific north-western chain, the Russia [cbl] [cbl] [cbl] [cbl] [chl]

eastern chain, the Russian western chain, and the 2 919%9 7399 56999 3499c 129999

European chains [1]. 2 9,998 | 7,998] 5999 3,999 10996

3 9,996 | 7,997 5997] 3,998  1,9993

2. LORAN C POSITIONING ACCURACY 4 9,993 [ 7,995] 50996 3,999  1,9987

: " . . 5 9,990 | 7,992] 5994 3,996  1,9980

Loran line of position is a hyperbole which 10 9,961 | 7.969| 5,077 3984 1,003

represents the locus of all points of equal tinfeecénce 15 9914 | 7,931 5948 3,963 1,9828

from two Loran transmitters, located the focal tspof 20 9848 | 7,878 5908 3,939 19696

the hyperbole.The Loran point of accuracy depeon 30 9,659 | 7,727 5,795 3863 1,9318

the angle of intersection of the lines of positi@and the 40 93% | 75171 5638 375 1.8793

X ; . . 50 9,063 | 7,250] 5,437 3,623 1,8126

accuracy with which they were determined (Fig.2]) [ 60 8660 | 6928 5196 3464 17320

70 8,191 | 6,5553| 4,914 3,276  1,6383

80 7,660 | 6,128] 4596 3,064  1,5320

90 7,071 | 5656] 47242 2,828 14142
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sh1, sh2 = 5cbl
=—sh1, sh2 = 4 cbl
sh1, sh2 =3 cbl

——sh1, sh2 =2 cbl
—=sh1, sh2 =1 cbl

The maximum value of error point [cbl]

01 2 3 4 51015203040506070 8090
The intersection angle [°]

Figure 2. The errors of the Loran fix accordinghntite
angle of LOP intersection

The errors of the Loran fix depinds on the angle of
LOP intersection. The errags maximum when the LOP
intersection angle tends to zero and minimum witen t
angle is 90 degrees.

3. LORAN C HYPERBOLIC NAVIGATION
SYSTEMS PERSPECIVES

There are two directions to hyperbolic navigation
systems evolution: integration with other positicni
systems; establishing a new, independent, mode&tnize
system compatible with present day satellite

integrity, and availability necessary for: air ngafion
during approach to landing; coastal navigatiombemse
traffic areas, during the operations of port eninylow

visibility conditions; land navigation; terrestrial
positioning; telecommunications and other areas
(Internet, etc.), by providing UTC reference time

signals, with an accuracy of 50 ns (Table 2).

Table 2. The eLoran system performances

Accuracy Availability Integrity Continuity
0,004-0,01 nm 0,999999 | 0,999-0,9999
@..20m) | 9999099991 "1 17" | over 150 sec

The eLoran system is a hyperbolic independent
system, distinct and at the same time to compleangnt
the Global Satellite Navigation System (Global
Navigation Sattelite Navigation System-GNSS). The
system, still under observation, will be develogad
2020.

The first elLoran station was built in Anthor,
England (5455'N; 0315'W). This station has been
transmitting eLoran messages with Group Repetition
Interval (GRI), GRI = 67310ns value and delay of
emission of 27300ns value since [8]. The eloran
messages sent by this station are EUROFIX type
messages and contain differential Loran, diffeednti

navigation systems, which are also in a continuous gGps information, as well as integrity data with

process of modernization [3-6].
Integrated LORAN C - DGPS Eurofix

The EuropeanEUROFIX navigation system is a
modern integrated system, encompassing possibilitie
the LORAN C hyperbolic system and the GPS - DGPS
differential satellite system. This system is depeld in

reference to UTC.
The main advantages of the eLoran system are:
- civilian control;
- eLoran signal is not intentionally degraded;
- UTC synchronized transmission by a method whech i
independent of the satellite systems method,;
- if the eLoran emission source is synchronized e
same UTC time source as the one of satellite system

western Europe where it uses the Loran C chains ofthe eLoran signal can be used in combination with t
transmitters on the northwestern coasts of Eurapd, satellite navigation signal;

the chain DGPS transmitters in the area, ensuring. the eLoran signal can be received in areas witere
coverage of over 1000 km, with a positioning accura  gatellite signal has no coverage;

which goes lower than five meters, and with the _ sending a signal, in real time (less than 10,saoput
possibility of determining the position in three pogssible damage, or loss of signal integrity;

dimensions using information from three satellibesy. - repeatable positioning accuracy is good;

The Eurofix system can work as a DGPS system using _ ijn addition to the Loran C system, teh signahtams
data from LORAN C corrected through GPS. Both types 5 data channel that provides specific correctidmsut

of position information may be received together or the state of the system and information integrity;
separately, to the same receiver : these LORANNG, & _ the implementation and maintenance costs are much
DGPS items of information, which are compared for |gwer than those of satellite systems;

determining the ship’s position; there exist the _ it can pe used to provide differential correctioior
possibility to replace each other in the eventailfife of satellite systems.
one of the systems components. The eLoran system ensures safe and low-cost
services for government and private institutionand
also for users in the aviation, maritime field; by
- ensuring all the flight phases (take-off, freggtit,

The upgraded eLoran (Enhanced Loran - eLoran) is approching and landing);
an international standard positioning service, In(&vo - providing information for eNavigation, includinipe
dimensions), navigation and time Pdsitioning,  use of temporary and permanent means for ensuring

Navigation, and Timing PNT), on the frequency of 100 maritime navigation (Aids to Navigation - AtoNs) to
kHz, for different transport modes and other canli mark dangerous water areas;

positioning applications [7]. eLoran is an improved - identification of land vehicles:
version of hyperbolic navigation system Loran C - maintenance and synchronization of
answers the requirements of performance, precision,telecommunications wired and wireless.

eLORAN System
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eLoran is designed as a complete and complexcontrol. The eLoran signal phase corrections ardema

formed off: (Fig. 3) control centers; broadcasters;
monitoring points; eLoran receivers.

elorar

stations

Monitoring
points

Monitoring

eLorar .
points

control center

I

eLorar users
aviaton
mar ne

time service
telecc m municat ons

Figure 3. eLoran design

continuously. elLoran time is provided by high
performance cesium clocks or other technology ef th
same accuracy class with them.

Anomalies in the work of elLoran transmitter
stations are signaled in a very short time, asdrah C
system, warning the user not to use eLoran infioma
until the problem is solved.

The elLoran control centers ensure rapid resolution
of faults and provide conditions for maintenance,
continuity, availability of signal in accordancetkvithe
announced performance.

The system’s maintenance is planned in such a way,
S0 as to minimize the impact on transmitter station
work.

Monitoring points are designed to ensure signal
integrity for all users of eLoran system. The reees in
these points permanently monitor the elLoran signal

eLoran services are provided by a primary center by quality, throughout the area of responsibility. %om

specialized applications. Main distributor provides
original and accurate elLoran information under the
operational specifications of the Loran C signal.
Specialized applications for aviation, maritime and
navy,etc. provide specific information by elLorantada

channel (eg differential eLoran messages).

eLorar
maritir e system

Naval receivers
elorar

differential reference
stations

elLorar eLorar signa

elorar differential corrections
elorar integration signa

ditferential correct ong

diffe rentia |corrections l elorar signa

elorar differential corrections Broadcasting

stations

Control center

elorar integration signal elorar signa

i

Monitoring
points

eLorar
main system

Figure 4. The eLoran main system

The elLoran signal is a complex signal that contains
the following information: identification data eloran
transmitter; The Almanac of eLoran transmitters ahd

monitoring stations are used as reference stattons
generate eloran messages. Also, some monitoring
stations will provide real-time differential corteams for
onbord ships receivers, as well as warnings faataon.

The elLoran receivers provide acquisition and signal
tracking of eLoran messages received from several
elLoran stations, in order indicate a more accurate
positioning and time. Also, the elLoran receivers ca
ensure the correctness of each elLoran signal aldme.
eLoran receivers receive and decode elLoran messages
based on specific applications.

The exchange of information between theoran
Control Centeyr eLoran emmiters, and monitoring points
are shown in Fig.5.

elorar broadcasting stations

- validate the corrections receivec
from control stations and forma
them for transmissior

elorar control station Monitoring points
- transmitt the corrections from the
broadcasting station
integrity of information
- validate and stores the corrections
received from monitoring stations

- transmit the eLoran signal /  J .
eLoran corrections receive the eLoran signals ant

generates the corrections

Figure 5. The exchange of informations

An elLoran receiver determines its position (lat&ud
and longitude) and UTC time by measuring the timies
receiving impulses from the last three elLoran ctesti
within its range of visibility. The eLoran signalagsing
over various relief forms produce deviations ofegon
times called additional secondary factorAdifional

monitoring points; UTC time scale reference; time Secundary Factors ASF) as compared to theoretical

difference between the eloran time and the UTC reception times, and hence, decreased accuradyein t
time;the eLoran signal; warnings about abnormalorad point. However, by using differential information —

propagation conditions due to specific atmospheric
conditions; message identifying the emission elLoran
users; differential -satellite corrections.

The elLoran signal for naval users has a circuit for
elaboration, evaluation, verification and updatingich
comes from theMain eLoran Systenand reaches the
eLoran onbord receivers by tMaritime eLoran System
The eLoran receiver picks up eLoran signal and #iso
integrity signal of eLoran data, as well as the rabo
differential corrections.

The elLoran signal emission is done automatically.
For elLoran signal modern SSX transmitters (Solid
StateTransmitter) are used with continuous energy
sources, equipped with systems of time and frequenc
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elLoran the accuracy is growing ; it becomes verydgo
of about 10 meters. An ASF error ofns can produce,
in time, an error in distance of 300 m. An ASF thar
contains the nominal values of ASF factors foegain
area and for a specific transmitter.

ASF value in s, depending on the relief forms is as

follows:

0.00 - surface of the sea,;
1.65 - clay soil;

2.36 - marsh and sea ice;
4.94 - land with shrubs;
6.12 - dry;

6.62 - sand (desert);
5.61 - snow and ice.
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The modern integrated elLoran receivers type 4. CONCLUSIONS
eLoran — GPS LORADIR2an receive signals having the
following technical characteristics: individual egtion An elLoran system will also provide the following
of an elLoran positioning message; for areas winene for the maritime navigation :
are ASF maps (using ASF corrections) the accurdicy o a. enhanced safetyit can be used with high accuracy
the point increases; eLoran and GPS combined signatompared to other methods and visual navigatios, aid
reception; by comparing the two signals, the positig as a backup system of a satellite navigation system
accuracy is very good; working power 4 W; 9...3®€ b. security provides the functionality of collision
voltage; 90% humidity accepted; UTC reference; warning systems, when satellite navigation systems,
antenna used: type E - for eLoran signal receptype traffic control systems — VTS are not working,
H - for receiving combined eLoran and GPS signéis [ c.econony of resources
11]. - potential reduction in the number of collisionsda
The elLoran applications system are based ongroundings and hence, reducing the number of cafses
minimum operational performance standards. For oil pollution;

aviation, eLoran provides information for guiding & - assist in monitoring marine pollution;
horizontal plane and not so much information about - potential reduction of cost with the aids to mgtion;
latitude, for all phases of flight (takeoff, fredight, - potential increase in the quality of voyage maoiitg,

approach and landing). Maritime eLoran system will and safe ports entry .

provide positioning information and time with high

accuracy, to meet the provisions of IMO Resolution 5. REFERENCES

A.953/23/2003 related to global navigation system

(navigation systems System-Wide World WWRNS). [1] ALRS vol. 2 NP 282, 2011/12, Admiralty List of
These performance standards apply to the approactiRadio Signals, UKHO

and entry into ports, navigation in coastal areath w [2] BO NEAGU, R., Navigaia electronic. Navigaia

heavy traffic and high risk (Table 3). ortodromic , Editura DHM, Constaa, 2013
[3] BO NEAGU, R.,Navigaia maritim , Editura DHM,
Table 3. The eLoran performance sdandards Constama, 2011
_ [4] NORRIS, A., RADAR and AIS, Integrated Bridge
Accuracy | Availability | Time alarm Co?eflfie(-*‘.lnce Systemsvol.1, The Nautical Institute, 2008
om 0.998 0.9997 [5] NORRIS, A.,ECDIS and POSITIONING, Integrated
95%) | over2years| 10S€C over 3 hours Bridge Systemsol. 2, The Nautical Institute, 2010

[6] TETLEY, L., CALCUTT, A., Electronic Navigation

By applying differential - elLoran corrections, in SystemsThird Edition,Editura Elsevier, 2004
real time, these performance standard are fulfilleor [7] International Loran AssociationEnhanced Loran
time information,the eLoran system comes under ITU (eLoran), Definition Documen2007
(G.811/1997. [8] http//www. commissionersofirishlights.com

In addition, if a suitable antenna is attachedro a [9] ILA-40, eloran System Definition and Signal
eloran receiver this can be used as a elLoran camnpas Specification Tutorigl2011
with which eLoran bearings to the emissions staticen ~ [10] ITU-International  Telecommunication ~ Union,
be measured; also, the ship’s course can be read at Timing Characterists of Primary Reference Clgocks
precision lower than °1 independent of the ships's G.811/1997
position and movement. [11] http//www.reelectonika.nl

It also envisages coupling the elLoran receivers
coupled with ECDIS and AIS systems.
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RESTRICTED VISIBILITY IN CONSTANTA. SYNOPTIC CONDIT IONS AND
CONSEQUENCES ON ROAD AND MARITIME TRANSPORT

'CHIOTOROIU BRINDUSA *CIUCHEA VALENTIN, *PULBERE ANDREI
13Constanta Maritime UniversityMaritime Hydrographic Office, Constanta, Romania
ABSTRACT

Restricted visibility is most often associated witly, haze, but is also caused by rain and snosyfdlizzle or
blizzards. Very bad visibility, less than 200 mnegents a high risk for air, road and maritime gpaomts and for other
types of economic activities. In 2014 it causeddraacidents and restrictions of Constanta or gbloets operations or
their closing and suspension of the manoeuvreshenDanube — Black Sea canal. Bad visibility and thema
phenomena frequencies during the months of Jank@tytuary and March 2014 in Constanta are analyizetis
paper. The synoptic conditions during the days whad visibility was recorded are also studied, dasp GFS
(re)analysis maps — SLP, 500 hPa geopotential, fomperatures and precipitations, as well as oncxpate
soundings for Constanta.

Keywords: visibility, weather phenomena, synoptic conditigreat operations, road transport.

1. INTRODUCTION The measurements were made with a Present
Weather Sensor PWD 22 of the Hydrographic Office of
Visibility on land is measured by a human observer the Navy in Constanta, the sensor being instaltethe
by determining the greatest distance at which he ca Constanta Green Lighthouse, located on the nokh di
distinguish objects against the horizon sky witle th (designed to protect the Constanta harbour), fig. 9
unaided eye. At night an equivalent is obtainedibing It measures visibility less than 20 km, seven
lights of known intensities at various distances.séa different precipitation types and also reports iretst
the officer of the watch has no fixed referencengmi  format. This visibility sensor is based on provensard
unless the visibility is very poor and he is usithg scatter principle; it is calibrated with referente a
various objects on deck. In reasonable visibilitydses  highly accurate transmissometer and also providial w
his long experience by looking at the horizon aee€lirsg extensive set of self-diagnostic and automatic aiete
how sharp it is, trying to see other vessels tlathas of contamination. It ensures that false values raoe
detected on his radar etc. At night, he will use th reported. The sensor is a combination of an optical
brightness of the stars, how well he can see thedgl  visibility sensor and a capacitive precipitatiomsar: the
the clarity of lights on board etc. [4]. optical measurement is relative to droplet sizeg th
Bad visibility is determined by water droplets from capacitive measurement (RAINCAP plate) is relative
fog, drizzle, precipitations. The scattering ofhligby water content of droplets. Temperature informatisn
dust, smoke, water and other particulate matténeénair also used to limit some decisions and to deteezing

highly influences the visibility. precipitation [5].
Data on the weather phenomena and on bad
2. DATA and METHODS visibility were correlated for a period from Janyao
March 2014.
Visibility scale used in this paper is shown inléab The analysis of the synoptic conditions during days
1[4]. with visibility less than 1000 m and less than 200s
Table 1. Visibility scale based on the GFS reanalysis maps for sea levedysees
500 hpa geopotential, 2 m temperatures and
Descriptive terms | Distances precipitations. The approximate soundings for M.
Very bad Less than 200 m Kogalniceanu airport, near Constanta, were veryulise
Bad 200-500 m for the observation of the air humidity and turlmde
Very poor 500-1000 m during the fog, drizzle or rain episodes.
Poor 0.5-1 Nm Data on the road accidents occurred during these
Indifferent 1-2 Nm three months in 2014, provided by the municipality
Moderate 2-5 Nm traffic police service were also used in this pa@nave
\?gg/dgoo 5 i-()l-gE’)\INmm accidents when people were injured were then sslect
E Their main causes are discussed and the frequédrhbg o
xcellent >25 Nm

casualties produced because of the failure to atihept
vehicle speed to road conditions is calculated.

Data on restricted visibility (ie bad visibility de The periods when restrictions of port operations or
than 1000 m and very bad visibility less than 200 m Constanta port closing occurred were also correlate
recorded in Constanta during three months in 2084 a Wwith bad visibility situations.
studied in this paper.
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3. RESULTS

3.1. Visibility records

Data recorded by the PWD 22 sensor from the
Constanta Green Lighthousshow that very bad
visibility occurred (fig. 1 and table 1):

-in January 2014: visibility less than 200 m
occurred on January 8, 9, 17 and 19. The longeatidur
was recorded on January 8, with a maximum of 6
consecutive hours (from 03 to 08 h. and from 12@o
h.) and on January 19 (from 14 to 22 h., 8 consexut
hours);

-in February 2014: very bad visibility was recorded
on February 8, 14, 16 and 19. The longer duratldnt¢
15 consecutive hours), occurred on February 1418nd

-in March 2014: the 3, 5, 6, 23 and"2df March,
the longer duration being recorded on March 24 (6
consecutive hours).

Visibility January 2014

1200

1000

Days

Visibility February 2014

1200

1000

||
SIS
I

SIS
ISIN

il HH Ll 0nonen
E%ﬁ AR F%%H E%ﬁ %%H Efo\ EEEEE E%H E%F

Days

Visibility March 2014

Figure 1. Visibility less than 1000 m records in
Constanta, January — February 2014

Warning messages concerning the yellow code for
fog and very bad visibility were issued on January, 8
2014 and sent to the County Police Inspectorate Th
warning concerned the Constanta county (on
03.01.2014) and the entire Dobrogea region (onr@B a
09.01.2014).

On January 26 and 29 rain and rain freezing, snow
falls and blizzards became violent and determined a
very bad visibility (almost zero on January 29 dgrthe
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blizzard); consequently orange and red codes were

issued by the meteorological services, for a langa in

the SE Romania. These phenomena were not recorded

by the PWD22 because the sensor’s lenses werenfroze
The yellow code for fog and very bad visibility was

sent again on February 06, 08 and 14 for Constanta

County or the entire Dobrogea region (on 08.02.2014

In March 2014 very slight rain/drizzle and fog,

associated with visibility less than 200 m wereetarst

for the 2% and 24' of March in Dobrogea.

3.2. Weather phenomena during days with bad and very
bad visibility

The main causes of the bad visibility were rain
(mostly slight) and fog. Days with more than 6
consecutive hours of bad visibility are indicatadable
2 in red and underlined. In the right column theimma
weather phenomena (recorded by the same PWD 22
sensor) are represented using their symbols arttiein
order they occurred (from the top down). Only
phenomena recorded in the 15 preceding minutes are
shown in this table.

Table 2. Weather phenomena during days with
restricted visibility

January February March
Day Meteor | Day | Meteor | Day | Meteor
of the of the of the
month month month

2 5 1

6 8 2

7 10 3

8 14 5

9 15 6

10 16 7

17 18 23

19 19 24

20 27

21 28

...
Symbols:

fog or ice fog, no appreciable change during
the preceding hour
fog or ice fog has begun or has become thigker
during the preceding hour
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drizzle not freezing, continuous troposphere near the sea level, associated whhwnd
rain not freezing, slight (fig. 4). These conditions were favourable to the
& | rain not freezing continuous at the time |of ~ formation of the mixing fog (fig. 8).

observation
continuous fall of snowflakes, slight at the time
of observation.

rain showers, slight

rain showers, moderate or heavy

Mean precipitation days > 0.1 mm (calculated for a
21 yr period) in Constanta are about 9 days in Bée
and about 8 days in January, March, May, June and
November.

Fog occurs especially in winter, the annual
incidence being around 6.2 days in January, foltblve
December (5 days) and November (4.9 days). There ar
about 35 days per year when fog occurs, the fre;yuen
being calculated for a 23 yr period (1984-2006) [2]

On January 8 and 19 2014 bad visibility occurred
because of rain; on February 14 the main causelveas
fog and on March 24 very slight rain and fog ocedrr
from 00 to 04 h and from 05 to 06 h respectively.

4. SYNOPTIC CONDITIONS

Fog was the main phenomena recorded on February

14 2014. The main characteristics of the atmospheri Figure 3. Temperatures at 2 m, 13.02.2014 18 UTC an

circulation were: the development of a large trough 14.02.2014 06 UTC (middle and down figure
associated with an intense activity of the low pues res'pe;:tively) GFS analysis, www.wetter3.de
area over Iceland and the interaction between this ’ ' ' '

transport of colder and wetter air mass from the NW
Europe and the warmer air located over the stugipne

(fig. 2).

Figure 2. 500 hPa geopotential and SLP, 13.02.208 4,
UTC, GFS reanalysis, www.wetterzentrale.de

Air temperature decreased sharply on February 14 Figure 4. Approximate soundings for M.Kogalniceanu

and 15 2014 in the middle troposphere and at ses le  aijrport on 14.02.2014, 12 UTC, http://ready.arlagav
over the Romanian Black sea coast (fig. 3). Thenmai

cause was the cold air advection from WeSt, but His Rainfalls from January 8 and 19, February 19 and

formation and persistence of fog, with very shatipds  march 24 2014 were intermittent and slight, mostly
when fog became thinner and the sky visible. Maxmu  drizzle and slight rain (fig. 5 shows precipitatoaver

air temperatures recorded in Constanta were ab®@ 1 9.1 mm in green and over 0.5 mm in blue on 19.01420
on February 13 2014 and they decreased to 7°C onp fig.5 b). On March 24 the main phenomena was
February 14 and to 3°C on February 15. Minimum air grizzle/fog which therefore are not shown on the
temperatures decreased from 7.5°C to 5°C and tari°C precipitations map in fig. 5. In all the other tare
the same period. situations mentioned above, the rainfalls were

The Skew-t diagram clearly shows an air mass gccompanied by advection fog with short breaks when
supersaturated with water vapours in the lower the fog became thinner.
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a)

b)

d)

Figure 5. Rainfalls from January 8, 06UTC (a),
January 19, 06UTC (b), February 19 12UTC (c) and
March 24 2014 O0UTC (d), GFS reanalysis,

wetterzentrale.de

The super saturation of the air mass near the groun
level can be better observed on the Skew-T diageards
again at 300 - 250 mb levels (fig. 6). Winds weght
near the ground and temperatures were positivechwhi
favoured the formation of fog accompanied by dezzt
slight rain (fig. 6). The sounding from th& &f January
is not shown in figure 6, because of its high samify to
the sounding from the ¥%f February 2014.
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Figure 6. Approximate soundings from Jan. 19, Feb.
19 and March 24 2014, M.Kogalniceanu airport,
http://ready.arl.noaa.gov
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The main cause was a weak interaction between a
warm and humid air mass from above the Black sed or
the periphery of a low pressure system (travelfiogn
western Europe or located over central/eastern
Mediterranean sea) and a colder air mass from
continental high pressure fields in northern orteyas
Europe (on January 19 and March 24) or Turkey (on
February 19), fig. 7.

Figure 8. Fog on a national road in Constanta Gount
on February 14, 2014 [11]

These accidents happened despite the fact that the
population is informed about the weather phenomena
and the risks involved through the mass mediarnete
or by calling telephone numbers provided by théonat
authorities.

The yellow code* for fog and very bad visibility

Figure 7. 500 hPa geopotential and SLP, 19.01.2014, \r,gg:cl)r:] tvr\]/(;s Ciggjgmﬁy Ct?\gmr)rl]e?erog{séictz;a Sgrc\’/?éggeﬁ]
12 UTC, GFS reanalysis, www.wetterzentrale.de January 2014 (the days of 3, 7 and 8) and Febaamy
(the days of 06, 08 and 14).
fAAR?T?ﬂEE’%XEIgggSRSN ROAD AND On March 23 and 24 2014 very slight rain/drizzle
and fog, associated with visibility less than 200mere
forecast in Dobrogea.

*Yellow code meaning is:

“the forecast weather phenomena (rain showers,
thunderstorms, stronger winds, high temperatures) a
common for the area but may temporarily become
dangerous for specific economic activities. Theveai
risk for increasing river flows and levels”.

Bad \visibility and the associated weather
phenomena could be one of the causes of road atside
It influences the road transport by restricting the
distances’ accurate assessment by the driver. d&e r
conditions also can be modified because of snow or
freezing rain which causes a wet or slippery road.

The term used for these meteorological conditions
by the Traffic Police is: “failure to adapt the vweh's

dt d ditions”.
speec o roac conditions closing of the maritime ports can be decided duthmey

From January to March 2014, 210 road accidentsd ith bad visibility. The harb
occurred within the Constanta county; 39 where very ays with very bad visibility. The harbourmastere a
entitled, according to international rules, to takey

grave accidents. Accidents occurred because of: the™ " hev feel ired for th f fiati
pedestrians who crossed the street in unauthorizeoaCt'O_?_'ht eévseD azrg require fort ehsa ?:tymgatvon(.s
places, the drivers who didn't give priority to eth . € sensor from the Constanta Green
vehicles or to the pedestrians, the drivers whoewer L|ghthou§e gave useful mformatlon on the V'?"S"!ﬂn
driving with high speed or the drivers’ failure ¢lapt sea and in the harbour area due to its appropoeagion

the vehicle’s speed to road conditions. on the harbour protection dike (fig. 9).

The latter (caused by bad weather and restricted
visibility) was identified as the main cause of:

-11 accidents that occurred in January 2014 in
Constanta County (from 41 accidents, i.e. 26.8% T
accidents occurred the days when bad visibility sxid
or fogs have been recorded. The 25, 28 and 29.04.20
strong wind or bad visibility due to blizzards wete
main meteorological phenomena.

-10 accidents (23.2% from all the monthly
accidents) in February 2014;

-in March 2014 the data cover only the accidents
that occurred within the city of Constanta (and thetall
county). From 52 accidents, 7 (13.4%) were caused b Figure 9. Constanta lighthouse and meteorological
the drivers’ failure to adapt the vehicles speedyanl station (image published the 05.03.2014 by

weather and road conditions. http://www.reporterntv.ro/, [13])

In order to minimise any risk of collision, the
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The closing of the Constanta and Midia ports was come from the Traffic Police Service in Constanta a
decided several times in January 2014 because af bafrom the website http://www.politiaromana.ro/infafic.
visibility. Maritime and river traffic also were aaiped
the 7, the 17 and the 21.01.2014 [6], [7], [8]. 6. REFERENCES
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SHIP-BOARD WEATHER ROUTING SYSTEMS

CHIOTOROIU BRINDUSA
Constanta Maritime University, Romania
ABSTRACT

Optimising a vessel's route based on environmenfarmation such as wind, waves and current patte@m
lower fuel consumption and decrease delays whie etducing structural and cargo damage claims.thWeaouting
software products utilize not only weather and oogsaphic data but also the hydrodynamic detailthefvessel to
provide the ship’s crew with real-time ship-specifouting advice. The paper refers to software attaristics and
benefits of voyage optimization.

Keywords: weather routing, software, routing services, walogscast.

1. INTRODUCTION contained in nautical publications such Biipt Chart
Atlases the Sailing Directions (Planning Guidesipaps
The resolution A.528 (13) adopted by IMO in 1983 included in theDcean Passages of the wogddblication,
recognizes that weather routeing - by which ships a thePilot booksand other climatological sources.
provided with "optimum routes" to avoid bad weather When the voyage starts, the short term weather
can aid safety. It recommends Governments to advisevariability plays an important role. Two strategiesn
ships flying their flags of the availability of wemer then be used: the ship can first follow the climadate
routeing information, particularly that provided by and deviate if the weather becomes better or worse
services listed by the World Meteorological can first follow the shortest track and deviatethe

Organization [8]. weather becomes worse [2].

The use of modem electronics for navigation such The shipmaster has to take the final decision én th
as GPS and ECDIS has significantly improved thetgaf actual and forecasted operating condition whicluireg
of navigation. Still, strategic weather routing ahdll different sources of information such as the weathe

engine monitoring are needed to plan and execd&e sa charts, the meteorological warnings, the operationa
and efficient passages across the ocean. The effort conditions, the ship design characteristics etd. tiik
develop an onboard guidance system started inatiee | information has to be carefully balanced and areyto
1970s when shipboard computers were first introduce formulate an unambiguous advice on optimum speed or
in order to bring sea keeping knowledge to shipseat heading, change of loading condition or settings of
Several attempts were later made to develop comaherc active roll stabilizers [1]. The situations become
systems for the shipping industry [4]. The wind and complicated if routing considering safety and ecapo
wave forecast limitations, the high cost of compuind happen to conflict. Without a reliable decision soi
the lack of an effective communications systexplain system it is difficult to judge the conditions im a
why these early systems were not widely accepted byobjective manner, in particular during night [6].
shipping companies as a cost-effective means of Weather routing software represents a very useful
reducing damage. support system due to its different tools that mev
Since then the weather routing systems evolvedavoidance of bad weather, optimized routing adwicd
tremendously, from simple weather routing (weather optimized speed along the route, monitoring of t#rad
forecasts converted to routing recommendations,vessels for speed claims, reduced risk of damage to
neglecting vessel details) to more complex decision cargo, vessel and persons and reduced propulsiwarpo
supporting systems. The latter take into accouet th demand.
vessel's behaviour in poor weather situations (aateqh

with hydrodynamic methods) in addition to weathed a Two general types of routing services have been

oceanographic conditions. identified by Bowditch, 200q1] : the first provides
forecast conditions and computes routing

2. PRINCIPLES OF WEATHER ROUTING recommendations, which are then broadcast to the

vessel; the second assembles and processes waather
Climatological maps and tables are used whensea condition data and transmits this to shipsatfsr

planning a route. Climate routes reflect the sealson on-board processing and generation of route
variation of tropical and extra tropical storm #ac recommendations. The former system allows for great
monsoon regimes, wind speed and direction, wavecomputer power to be applied to the routing tasiabee
height frequencies and ice limits, areas of higblswea powerful computers are available ashore. The latter
ice limits and prevailing ocean currents, for thajan system allows greater flexibility to the ship’s r@sin
ocean basins of the world. All this information are changing parameters, evaluating various scenarios,

selecting routes and displaying data.
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3. CHARACTERISTICS OF ON BOARD generated for 10 days of forecast 365 days a yigaL].
ROUTING SOFTWARES The twice daily forecast is available on 1.25 x @¢gree
Lon/Lat global grid with update of global circulerti
The Ship-board Weather Routing systems (SWR) currents. Data include tropical cyclone tracks, 56
are easy-to-handle systems. Various types wereheights, surface pressure, wind speed and direatidr3
developed in the last years, for exampBonVoyage  wave trains. Accuracy of the forecast is enhanced b
Systendeveloped by Applied Weather Technology, Inc., real-time ingestion of satellite altimeter/ scaitaeter
Vessel Optimization and Safety System (VOSS)wind and wave measurements (fig. 1), ocean buogls an
developed by Ocean Systems Inc. and Oceanweatheship observations, as well as by experienced
Inc., and Vessel and Voyage Optimization Solution meteorologists [12].

(VVOS) developed by Jeppesen Marine Inc. a Boeing The VOSSsystem also provides customized ship
company. response predictions with user specified loading
These ship board weather systems provide decisionconditions. The ship motion program takes into aoto
support for the navigator regarding optimum speed a voluntary speed reduction based on vessel motions

course based on limit values for relevant ship aasp. propeller/engine limitations, allows user to sintala
Furthermore, forecasted weather information is multiple routes for comparison. It also predict§ emd
processed onboard to enable active planning afoilie. pitch motion, accelerations, slamming, bending matme

The weather routing systems are and most probablyshear force, speed, power and RPM using forecast or

will be further upgraded with fuel consumption métu  user input sea and swell conditions. Another atboriis

in relation to the demand for practical guidanceeiduce offered within this system for minimum time and
fuel consumption in waves. This also could leadhi® minimum cost routes over a range of arrival times
reduction of the emissions of CO2, NOX and SOX [5].  without exceeding the Safe Operating Envelope (SOE)

The BonVoyage Systemprovides the most recent The Vessel and Voyage Optimization Solution
weather and ocean data to the ship by broadband ofVVOS)from Jeppesen Marine Inc. a Boeing company is
email communications in a compressed format inrorde another weather routing system which automatically
to minimize communications costs. The captain dawv  generates a full range of optimized routes for gty
and interpret the information due to the fact thatdata  trade-offs between ETA and fuel consumption; itoals
are presented under the form of maps and graphies.  optimizes to minimum fuel speed plan for required
system also includes an algorithm that allows the arrival time and also realizes a comparisonVMOS
delivery of estimates of fuel cost and time en-eduf. optimal speed management to traditional strategies

The forecasts are of higher confidence for voyagesas constant speed or “sprint and loiter” [9]. The
of over 10 days due to the high-resolution of wardi simulation tools facilitate the analysis of anyt®using
wave data. These data provide better simulation andhigh-resolution forecast weather to weigh trade-off
allow ship captains to take advantage of smallatams among ETA, fuel consumption, ship motions, hull
in wind and wave to make safer route plans. Shiptga stresses, and weather and sea conditions. The high
is improved due to the wave forecasts (72 hourghef resolution forecasts of wind, wave and ocean ctiigien
areas where a freak wave is most likely to occur. for 15 days.

BonVoyage(BVS) is a helpful tool due to the The most efficient routes are identified due to the
prediction of speed loss (issued from its model on fact that the system utilizes a just-in time operat
climatological ship resistance) and specific vessel strategy that avoids wasting fuel with sprint aodelr
consumption. alternatives. The routing support from experienship

In May 2012 theBonVoyage Systemas integrated  masters is available 24/7/365. The system alsoressu
with Transas' Electronic Chart Display Navigation route import/export in 20 different ECDIS formats,
System (ECDIS) to help captains fully optimize thei improving workflow and reducing mistakes.
voyage planning. This allows now the data tran&fen The Vessel and Voyage Optimization Solution
BVS to Transas Navi-Sailor ECDIS and vice-versa. In includes a guidance system that recommends spetd an
December 201BonVoyage Systeimas been integrated heading changes to manage ship motions and help
with UKHO’s Admiralty e-Navigator and ChartCo’s minimize heavy weather damage; this is due to seedi
Passage manager and has therefore the capability tbydrodynamic modelling, optimization algorithms and
interchange track waypoints with the above mentlone high-resolution ocean forecasts/VOS includes a
systems. The combination between tB®nVoyage  detailed, ship-specific model of user's ship motion
Systemand the Ship route advisory Services allows the engine and propeller characteristics. This ship ehod

transfer of route data between ship and shoreaphgral computes the speed made good under forecast wind,
depiction of weather, routes and currents throB§g wave and ocean current conditions at a given engine
detailed current data with tidal streams, 16 dagdast 4 power and propeller RPM, as well as ship motion
times a day etc. [10]. limitations uniquely defined for each ship. The teys

also delivers accurate ETA predictions. At seapshi
The Vessel Optimization and Safety System (VOSSHownload the latest ocean area forecasts via isatell
from Ocean Systems Inc. and Oceanweather Inc. iscommunication. Masters can update and re-optimize
another provider of weather and oceanographic passage plans as new forecasts become available or
conditions forecast; global wind and wave modeds ar operational requirements change during a passdge [9
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3.1. Waves forecast

Route selection and surveillance depend on all of
the environmental factors but wind and wave'’s
optimization effect is the most important process i
obtaining an optimum routing.

Waves forecast improved due to the refinement of
short term numerical weather prediction forecasteays
and their extension into the medium range and & th
development of global spectral wave prediction n&de
Over most of the global oceans there are few wave
measurement sites available for model verification.
Therefore, satellite radar altimeter estimates of
significant wave heights* are used (fig. 1).

* The significant wave height (H is defined
traditionally as the mean wave height (trough testy of
the highest third of the wavesi). The term is
historical as this value appeared to be well coatetl
with visual estimates of wave heights from expegdn
observers.

Statistical wave distribution

significant wave height. Hs

Number of waves

90th percentile

1/3 of Waves ————————p

Wave height

Figure 1. Significant wave height Hs [13]

Most measuring devices estimate the significant
wave height from awave spectrum; satellite radar
altimeters are unique in measuring directly the
significant wave height thanks to the different diraf
return from wave crests and troughs within the area
illuminated by the radar (figs. 2, 3).

Figure 2. Significant wave height and direction,
Oceanweather Inc. [15]

Modern ocean wave prediction systems can also
estimate freak (rogue) wave events. This wavegjHiei
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is at least 2 times higher than the significant e&tfig.
3).

Figure 3. Rogue waveBpnVoyage Systerjv]

3.2. New characteristics: avoidance of the Emission
Control Areas (ECAS)

The latest version of thBonVoyage Systeallows
the management of the voyage track by displaying EC
zones and making them “no-go” areas. Captains ean s
their voyage track outside and inside the ECA zones
Simply moving waypoints inBVS allows them to
visualize the impact of time in the ECA zone and
compare it to the overall effect of time en rouféith
BVSs ECA zone calculation tools, informed decisions
can be adopted about how much time to sail inside o
outside these zones. The goal is therefore to give
captains and ship operators the data they neectage
voyage costs while complying with IMO regulations.

On August 1, 2012, North America Emissions
Control Area (ECA) zones become enforceable. The
regulation is part of Annex VI to the MARPOL
Convention titled “Regulations for the PreventidnAdar
Pollution from Ships”. The regulation dictates tthiae
ECA Zones extend up to 200 nautical miles from toas
of the United States and Canada, including a porio
the Hawaiian Islands. In the ECA Zones, ships are
required to burn fuel with sulphur content not eediag
1.00%. Notable exceptions to this area are theitile
Islands and Arctic waters of North America [11].

4. CONCLUSIONS

The ship-board weather routing systems intend to
enhance the ship’s and crew safety at sea andito ga
operational benefits by reducing repair times, cedu
fuel expenses and less cargo claims.

The more advanced ship-board weather systems
process weather data comprising wind and seaway
information to continuously compute the ship’s @&@sge
during the voyage. The technology still undergoes
extensive development. Besides wind and wave
forecasts, voyage optimization should also take int
account sea surface currents since they can signtfy
impact ship speed and fuel consumption. High remsiu
global circulation models enhanced by satellite
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measurements can now produce accurate depictions o$hip safety and efficienc\SNAME Transactions, vol.

major currents and eddies daily [3].

100, 1998.

Further advancements in meteorology are expected[5] RATHJE H., Ship weather routing. Operational

especially in the forecast computer models, whidth w
extend the time range and accuracy of the dynamdc a
statistical forecasts. Response models for seaikgep
and resistance in waves will be customised to iddis
ships and routes, which will be achieved by utiigi
real-time and historical data with self-learning
algorithms [14].
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THE INFLUENCE OF A WAKE EQUALIZING DUCT OVER THE CA VITATION OF A
MARITIME SHIP PROPELLER

'MARTINAS GEORGE,STAN LIVIU-CONSTANTIN, *ARSENIE ANDREEA,
‘LAMBA MARINEL-DANUT

1234 Constanta Maritime University, Romania
ABSTRACT

Marine propellers are the most common propulsiostesys owing to the high efficiency supplied by them
nevertheless, it is possible to improve its propelsperformance using additional auxiliary propaoisidevices
(unconventional propulsions). During the last thokerades considerable research and developmenitiastihave
taken into place within this context. Most of thelices are used to improve propulsive efficiedyt, some of them
aim to improve other performance characteristivshsas cavitations, vibration, noise, manoeuvrigbiitc. The wake
equalizing duct (WED) is one of the most commonBied! energy saving devices for improving the prapnls
performance of a ship; and reducing the propebeited vibrations and viscous resistance forceghis paperwork
two versions of an existing ship in normal versiand retrofitted with WED device were analyzed irdeor to
demonstrate the influence on the WED device onpttapeller cavitations (if any). It was demonstratbdt the
maximum values for the pressure coefficient is FBBWED free version and 2.029 for WED retrofittegrsion. The
difference is so small that without chances of geimong, the obvious conclusion is that WED devias no influence
over the cavitations of the propeller. To decrahsecavitations we have other choices includingund design of the
propeller biased to improve the propeller behaviowavitations. WED is clearly not a choice.

Keywords: Wake Equalizing Duct; Propeller Cavitations; Mamie Ships; Finite Volume Analysis

1. INTRODUCTION steering qualities because of the more straightéoed
coming to the rudder. If the WED is installed to an
Marine propellers are the most common propulsion existing ship, constructional changes and medinatio
systems owing to the high efficiency supplied bgnth propeller design are not needed. A WED can also be
nevertheless, it is possible to improve its propels used in combination with other energy saving device
performance using additional auxiliary propulsion such as vane wheel and asymmetric stern (Schneeklut
devices (unconventional propulsions). During thetla 1986).
three decades considerable research and development Schneekluth (1986) reports that the effectivendss o
activities have taken into place within this contéost a WED is most evident if the ship speed is betwE2n
of these devices are used to improve propulsiveand 18 knots and its block coefficient is highertl®.6.
efficiency, but some of them aims to improve other By now, most of the studies related to the estiomatf
performance characteristics, such as cavitations,the effect of the WED on propulsion characterist€s
vibration, noise, manoeuvrability, etc. It can loarid ship have been carried out based on model testst Bu
more review studies about various unconventional difficult to extrapolate the powering performancerf
Propulsions in Glover (1987), ITTC (1990), model tests (especially for very large ships) duehe
Blaurock (1990), Patience (1991), Breslin and Asdar  Reynolds number effects (scale effects) statedl'iFCl
(1994), and Carlton (1994). (1999). At higher Reynolds numbers the scale effect
One of the energy saving devices used widely in occurs more evidently, in such cases it is recontaén
ships is the wake equalizing duct (WED) (Schneéktut  that self propulsion tests should be performedetiuce
duct). It consists of two aerofoil sectioned haffgrducts these effects (ITTC, 1999). In addition, numerittalv
integrated to the hull in front of upper region thie computations as an alternative of the model teats c
propeller. Some important parameters for the also be used to estimate the effectiveness of ti®BW
effectiveness the WED are the angles of duct axis t One of the issues of intense debate is whetheothe
ship’s centre line plane, longitudinal positiongner WED device is having any influence over the caiotad
diameters, pro le section shapes, angles of section conditions that appear when the propeller of a tinaei
duct axis and lengths of the half-ring ducts. li$sumed  ship is rotating. In the following paper we'll ttg shed
that the WED accelerates the inflow of the uppeiae some light over this issue.
of the propeller where the flow is slow relative ttee
lower region of the propeller; and it improves the 2. CAD AND FINITE VOLUME ANALISYS
uniformity of the wake over the propeller disc, the (FVA) MODEL OF THE SHIP
propeller efficiency is increased. In addition, aliw
designed WED reduces the amount of flow separation The goal of this paper is to calculate via software
the after body, generates an additional thrustnaghé Ansys 13" the influence of placement of a WED to an
accelerating type of duct, reduces the propell@ited existing ship over the propeller behaviour in terais
vibrations due to the uniform wake, and improves th cavitations.
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The model has as departure point a real port In order to provide more details on the geometry of
container as seen below, with the following paramset WED device, the below figure is shown, with
- LengthL- [m]- 173 dimensions in [mm].

- BreadthB- [m]- 25

- DraughtT {m] -9.50

- DiameterD- [m]- 5

- Number of bladeZ - 6

- Propeller RPM-120

- Average Speed-16 knots (7 m/s)
- document.

Fig.3-WED device geometry

The fluid domain was divided in two: the fluid
domain which is surrounding the after body havihg t
relative velocity on Oz axis of 7 m/s and the Pilgpe
fluid domain with CFX option of “frozen Rotor” wher
the fluid is moving circularly around OZ axis wiftR20
RPM. In between these two domains interfaces were
established. The other boundary conditions weret,inl

Fig. 1 Port-Container outlet and openings as shown below:

In order to have a starting point for the simulatio
first of all the after body was firstty CAD genezdt
without the WED device, and all the parameterdlfad
flow were calculated accordingly. Secondly to @&D
ship after body was attached the WED device anagusi
the same boundary parameters for this second
simulation, made possible to compare the results an
pull the proper conclusions. The two CAD geometries
are shown below:

Fig. 4 Boudary Conditions

In order to make clear some important surfaces,
three control planes were defined as follows:
Control plane number 1 (P1) placed at 1200
mm above the propeller axis and coplanar with
the two WED devices axis;
Control plane number 2 (P2) which is including
the propeller axis;
Control plane number 3 (P3) placed at 1500
a. mm away from the propeller domain;

Target Plane which is in fact one of the
propeller domain interfaces as below.

b.
Fig. 2 CAD geometries a-without WED, b-with

WED Fig. 5 Control Planes
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Cavitations are that phenomenon that appears in low

pressure zones of a rotating propeller where fluid
vapours are prone to develop. Cavitations is a mgrm
phenomenon tending to destroy the integrity of the
propeller surfaces by the implosion of the vapawar
the surface leading to the pitting of those suadeo
simulate this phenomenon in FVA a homogenous
multiphase flow of the fluid will be considered. rRhis

the absolute saturation pressure is 3574 Pa.

3. FVA SIMULATION AND RESULTS

After reaching the convergence of the given models,
some important results were calculated. In thefalhgs
the two models are presented simultaneously inrdale
ease the comparison.

Pressures in control planes P1 and P2

b.
Fig. 6 Pressure fields for P1land P2
a-without WED; b-with WED

By comparing the above figures, the maximum of
pressures for WED free version is 2,72e5 Pa wheheas
WED retrofitted version is 1,077e5 Pa.

In the same time the shape of pressure fieldsffisreint
for the two versions, the inner zone of the WED has
bigger pressure fields.

Fluid velocities on control planes P1 and P2
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b.
Fig. 7 Velocity fields for P1 and P2
a-without WED; b-with WED

The maximum velocities are bigger for the after
body with WED (33.56 m/s). Near and after the WED
devices the fluid velocities are smaller indicatiag
“screening effect”.

Velocities for P3 control plane

b
Fig. 8 Velocity fields for P3
a-without WED; b-with WED
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This P3 plane is near to the Target Plane (1200 mm For the velocity fields the situation is quite resed
away) so that the influence of the propeller rotati as compared to the above results. Introducing again
motion is not so obvious here. As seen above thenew variable to enable us to calculate the average
maximum velocity in both cases is the same (6.8.6.9velocities for the target plane:

m/s) but field distribution is altered, the WED dms areaAve(Velocity) @Target
concentrating the mass flux toward their centred, an

implicitly, toward the Target plane. In plane wordse

WED is “stealing” streamlines of fluid from the lss

of the body and is concentrating them over the &arg

Plane at the upper part of the propeller.

Pressure Fields over the Target Plane

The target plane as mentioned is positioned exactly
on the entering zone of the propeller fluid domahere
no doubt, the influence of propeller motion is thest
pregnant. In order to quantify the variation of gmare
induced by WED, a new variable is defined to caltal
the average fluid pressure on the target Plane:

Area Ave (Pressure)@Target

b.

Fig. 10 Velocities fields for target Plane
a-without WED; b-with WED

a.
The WED free version is giving an average of 6.25
m/s whereas the WED version is giving 23.2 2m/s
average velocity, meaning that the WED version is
increasing with 363.2 % the mass flux over the @arg
plane.
The vapour volume fraction for propeller
blades
b.
Fig. 9 Pressure fields for target Plane
a-without WED; b-with WED
The average pressure calculated is 48,213 Pador th
WED free version and 49,823 Pa for the WED version
meaning that is 103%.
Velocity Fields over the Target Plane a.
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b.
Fig. 11 The volume of vapour fraction over the
propeller
a-without WED; b-with WED

The vapour volume fraction is the first and almost
the best indicator of the cavitations appearingthat

propeller zones. Whether the conditions for vapour
development are good then the formation of those

vapours and their subsequent implosion is almatiice
By analyzing the above figures is becoming obvithag
on the back of the blades (the blade’s sides towlaed
ship) the vapour fraction has a maximum of 97.7d% f

b

Fig. 12 The pressure coefficient over the
propeller
a-without WED; b-with WED
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both cases and then at the first sight there ipasitive
influence of WED over the cavitations conditionstioé
propeller. In order to quantify this we’ll need aw
variable as below.

The average pressure coefficient on the blade
surfaces

To have a certain picture over the average pressure
coefficient causing the cavitations, a new varialde
introduced as follows:

Coef Pres=(Pressure-51957[Pa])/(0.5*1002[kg
m~"-3]*16.91[m s"-1]"2)
where “Pressure” is extracting the pressure caledléor
each and every cell of the propeller blade, 519% Plae
relative pressure, 1002[kg m~-3] is the sea watmisdy
and 16.91[m s~-1]"2 is the average velocity of the
propeller.
The above formula is as per the equation :

_ Prin - Py
Como = Pin " Pr 1)
pmin
ErV2
2

Where g, is the minimum pressure belonging to the
propeller.

The maximum values for this coefficient is 1.98 fo
WED free version and 2.029 for WED retrofitted
version. The difference is so small that withowantes
of being wrong, the obvious conclusion is that WED
device has no influence over the cavitations of the
propeller. To decrease the cavitations we haverothe
choices including a sound design of the propeliasdu
to improve the propeller behaviour in cavitationd=D
is clearly not a choice
4. CONCLUSIONS
The wake equalizing duct (WED) is one of the most
commonly used energy saving devices for improvirg t
propulsion performance of a ship; and reducing the
propeller-excited vibrations and viscous resistance
forces.

In this paperwork two versions of an existing ship
in normal version and retrofitted with WED devicere
analyzed in order to demonstrate the influence hen t
WED device on the propeller cavitations (if any)whs
demonstrated that the maximum values for the pressu
coefficient is 1.98 for WED free version and 2.029
WED retrofitted version. The difference is so sniait
without chances of being wrong, the obvious conolus
is that WED device has no influence over the ctivits
of the propeller. To decrease the cavitations weeha
other choices including a sound design of the gdltepe
biased to improve the propeller behaviour in caiates.
WED is clearly not a choice.
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THE INFLUENCE OF A WAKE EQUALIZING DUCT OVER THE FL UID FLOW
AROUND THE AFTER BODY OF A PORT CONTAINER AND PROPE LLER
EFFICIENCY
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ABSTRACT

To get a more uniform wake, placing several flowtcol devices in front of the propeller locationyrae a good
choice. Most of these devices are used to impraepytsive efficiency, but some of them aim at impng other
hydrodynamic characteristics, such as the cavitdbehavior, vibration level, maneuverability, arml@. The most
commonly used control devices are the wake equagliziucts (WED hereafter), Grothues spoilers, stéitay, or
different combinations of them. The goal of thisppr is to calculate via software Ansys3he influence of
placement of a WED to an existing ship over theppltier efficiency in terms of propulsion. The wadgualizing duct
(WED) is one of the most commonly used energy spdievices for improving the propulsion performaonte ship;
and reducing the propeller-excited vibrations amtaus resistance forces. In this paperwork twecsiges of an
existing ship in normal version and retrofitted wWED device were analyzed in order to demonstraénfluence on
the WED device on the propeller efficiency. It wdemonstrated that the propulsion is increased &% which is
very well in line with the results of other resdaers which are crediting the WED influence somewlhebetween 5 to
10%. Moreover it became obvious that the WED deisdeansferring some of the streamlines whicthim WED free
after body would simply pass beside the propeltethe propeller fluid domain improving by this theerall efficiency
of the propeller. This is demonstrating beyond eeasonable doubt that WED device is improving tagggmance of
the propeller and the choice of retrofitting a shjih such a device may trigger fuel savings alavith a less
environment impact.

Keywords: Wake Equalizing Duct; Propeller Efficiency; Marignships; Finite Volume Analysis.

1. INTRODUCTION doing so, it improves the uniformity of the wakesowhe
entire propeller disk. Moreover, a well-designed WWE

Extensive studies proved that the propeller reduces the amount of flow separation at the stern,
represents the main source of vibration and ndisaual generates additional thrust, reduces propellerdadu
ships. vibrations and improves the steering charactesstic

Lowering the vibration level can be done in two because of the increased incoming axial speed.if@esp
ways: either by improving the propeller design gr b their advantages, previous studies proved that
optimizing the wake field behind the ship hull. Base extrapolating the WED performances from model test
the first method requires validation in the cavitat results to full scale is rather difficult becausk the
tunnel which is rather expensive and time consuming associated viscous effects:

the attention focused towards improving the shifxeva - Separation which occurs at the model may not
A more uniform wake can be regarded as a mean foroccur at full scale;

reduction the risk of cavitation and for loweridgtlevel - Boundary layer thickness is smaller at full scale
of propeller-transmitted excitations. Aside of that than that at the corresponding model scale;

sometimes a uniform wake may determine a significan - Over prediction of the friction on the duct ataed
increase of the propeller efficiency. To get a more scale (ITTC, 1999).

uniform wake, placing several flow control devides To investigate the scale effects, extensive

front of the propeller location may be a good choic experimental tests were performed by Friesch et al.
Most of these devices are used to improve propalsiv (1994) for a high block coefficient hull with andtiout
efficiency, but some of them aim at improving other WED. The experimental work has proven that the wake
hydrodynamic characteristics, such as the cavitatio equalizing ducts may result in energy saving adtdtile,
behavior, vibration level, maneuverability, and co. but it was difficult to prove a similar effect atontel
The most commonly used control devices are the wakescale tests. This drawback is attributable to #ut that
equalizing ducts (WED hereafter), Grothues spailers ship resistance experimental data are transposedtire
stator fins, or different combinations of them. model scale to the full scale based on the Froude
WED was firstly proposed by Schneekluth (1986) criterion of similarity, whereas the viscous asate
and consists of two-nozzle shaped half ring dudihv effects should be transposed via Reynolds. Expeitisne
are installed on both sides of the stern aheadhef t based on both criteria are hard to do unless they a
propeller plane. A WED accelerates the inflow itite performed in depressurized towing tanks. Under such
upper region of the propeller where the axial vitjois circumstances, it remains that one of the few @dwiat
small relative to the corresponding lower regioml &m hand are the measurements performed at full seake,
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Korkut (2005), Celik (2007) and Heinke et al. (2Dlih
spite of their prohibitive associated costs.

However, in the past years the CFD community
approached the subject and some
achievements have been reported.

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

The goal of this paper is to calculate via software
Ansys 13" the influence of placement of a WED to an
existing ship over the propeller efficiency in terrof
propulsion.

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

- LengthL- [m]- 173

- BreadthB- [m]- 25

- DraughtT {m] -9.50

- DiameterD- [m]- 5

- Number of bladeZ - 6

- Propeller RPM-120

- Average Speed-16 knots (7 m/s)

Fig.1-Port-Container

In order to have a starting point for the simulatio
first of all the after body was firstty CAD genezdt
without the WED device, and all the parameterdlfad
flow were calculated accordingly. Secondly to @&D
ship after body was attached the WED device anaigusi
the same boundary parameters for
simulation, made possible to compare the results an
pull the proper conclusions. The two CAD geometries
are shown below.
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encouraging

b.
Fig.2-CAD geometries a-without WED, b-with
WED
In order to provide more details on the geometry of
WED device, the below figure is shown, with
dimensions in [mm]:

Fig.3-WED device geometry

The fluid domain was divided in two: the fluid
domain which is surrounding the after body havihg t
relative velocity on Oz axis of 7 m/s and the Pilgpe
fluid domain with CFX option of “frozen Rotor” wher
the fluid is moving circularly around OZ axis wittR20
RPM. In between these two domains interfaces were

this secondestablished. The other boundary conditions weret,inl

outlet and openings as shown below:

Fig.4-Boudary Conditions
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In order to make clear some important surfaces,

three control planes were defined as follows:

Control plane number 1 (P1) placed at 1200
mm above the propeller axis and coplanar with

the two WED devices axis;

Control plane number 2 (P2) which is including

the propeller axis;

Control plane number 3 (P3) placed at 1500

mm away from the propeller domain;

Target Plane which is in fact one of the

propeller domain interfaces as below.

Fig.5-Control Planes
3. FVA SIMULATION AND RESULT
After reaching the convergence of the given
models, some important results were calculatethdn
followings the two models are presented simultasgou
in order to ease the comparison.

3.1 Pressures in control planes P1 and P2

b.
Fig.6-Pressure fields for Pland P2,
a-without WED; b-with WED

comparing the above figures, the maximum of pressur
is equal in both cases (1.14e05 Pa) but the difp®sa
somehow different, since a zone of high pressure is
detected to the inside of the WED devices.

3.2 Fluid velocities on control planes P1 and P2

b.
Fig.7-Velocity fields for P1 and P2
a-without WED; b-with WED

The maximum velocities are bigger for the after
body with WED (33.2 m/s). Near and after the WED
devices the fluid velocities are smaller indicatiag
“screening effect”.
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3.3 Velocities for P3 control plane

b.
Fig.8-Velocity fields for P3
a-without WED; b-with WED

This P3 plane is near to the Target Plane (1200 mm
away) so that the influence of the propeller rotati
motion is not so obvious here. As seen above the
maximum velocity in both cases is the same (6.8 m/s
but field distribution is altered, the WED devices
concentrating the mass flux toward their centerd an
implicitly, toward the Target plane. In plane wordse
WED is “stealing” streamlines of fluid from the lss
of the body and is concentrating them over the &arg
Plane at the upper part of the propeller.

3.4 Pressure Fields over the Target Plane

The target plane as mentioned is positioned exactly
on the entering zone of the propeller fluid domahrere
no doubt, the influence of propeller motion is thest
pregnant. In order to quantify the variation of gmare
induced by WED, a new variable is defined to caltal
the average fluid pressure on the target Plane:
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b.
Fig.9-Pressure fields for target Plane
a-without WED; b-with WED
The average pressure calculated is 88,116 Pa #or th
WED free version and 84,876 Pa for the WED version
meaning that is 97.3%.

3.5 Velocity Fields over the Target Plane
For the velocity fields the situation is quite resed
as compared to the above results. Introducing again
new variable to enable us to calculate the average
velocities for the target plane:
Area Ave (Velocity)@Target
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b.
Fig.10-Velocities fields for target Plane
a-without WED; b-with WED

The WED free version is giving an average of 6.03
m/s whereas the WED version is giving 23.27 m/s
average velocity, meaning that the WED version is
increasing with 385.9 % the mass flux over the dtarg
plane.

3.6 The Oz interaction force component betweem flui
and propeller

The increased velocity of fluid at the inlet arda o
the propeller is expected to have a certain infteeover
the propeller efficiency. This can be quantifieda vi
calculating the average 0Oz force component
interaction between propeller and the fluid (Ozthe
axis of the propeller). Since the direction of thieip
motion is opposed to Oz positive direction a new
variable is introduced to quantify the average doon
the propeller blades:

Area Ave (Force Z)@Elice

of

59

b.
Fig.11-Oz force component on both sides of the
propeller; a-Without WED; b-with WED

The WED free version is giving -913.22 N and the
WED version is giving -955.63 N. The efficiency is
therefore increasing by 4.64 %, result which isyweell
in line with the results of other researchers whick
crediting the WED influence somewhere in betweea 5
10%.
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3.7 The WED influence over the streamlines In this paperwork two versions of an existing ship
in normal version and retrofitted with WED devicere
analyzed in order to demonstrate the influence ban t
WED device on the propeller efficiency. It was
demonstrated that the propulsion is increased b

% which is very well in line with the results ofhetr
researcher which is crediting the WED influence
somewhere in between 5 to 10%. Moreover it became
obvious that the WED device is transferring soméehef
streamlines which in the WED free after body would
simply pass beside the propeller, to the propélied
domain improving by this the overall efficiency tife
propeller.

This is demonstrating beyond any reasonable doubt
that WED device is improving the performance of the
propeller and the choice of retrofitting a shipiwétuch a
device may trigger fuel savings along with a less
environment impact.
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ON A RISK THAT MAY OCCUR DURING THE OPERATION OF PL ATE ROLLS WITH
C-TYPE DEVICES

'MURINEANU EMILIA, MODIGA ALINA, *MODIGA MIRCEA

'Constanta Maritime University, Romanfa,Dunarea de Jos” University of Galati, Romania
ABSTRACT

The paper aims to analyze the behavior and opgratimciples of C-type devices in cargo handlingmgpions
such as loading, carriage and discharging of plalte. It highlights the economic advantages ohgsC-type devices
during plate rolls handling operations, as welltlees risks and hazards associated with it. The gagleo provides a
numerical example related to the use of a C-typécddor roll handling designed by SC Butan Grup Galati.

Keywords: C-type devices, plate rolls, cargo handling oparas
1. INTRODUCTION

Plate rolls are single solid cargo, which, in temfis
transport, are part of those whose handling (Iandin
carriage / discharge) is based pracement C-type
devices are commonly used for loading / dischargihg
plate rolls and similar products on/from the vessel
Unlike other devices used for similar products (fFéggl
a, b, c¢), those of typ€ (see Figure 1d) offer the
advantage of high productivity. However, their usay
pose hazards caused by the misunderstanding af thei
operating principle and the failure to strictly quisnwith
their operating instructions. Therefore, slippagealls
from their device may occur - with serious conseges a)
that may result in material loss and even humandigs.

a) b)

b)
Figure 2
1 - Metal frame, 2 - Horizontal beam that supparts
plate roll (for other products, a platform is ajgovided)
3 - counterweight, 4 - Cable or chain, 5 — plate ro

d
9 ) 2. MODELING THE BEHAVIOR OF A C-TYPE
Figure 1 Lifting devices for: DEVICE DURING PLATE ROLL HANDLING
a) steel bars and tubes (horizontal positidm)steel

tubes;c) plate coils (upright positiony) plate rolls In a simple form, a c-type device is shown Figure 3

(horizontal position) a. Together with a counterweight, it has its own sras

and is designed so that, in a free state, load fie=

Figure 2,a shows (front and profile) a device for placement beam is horizontal. Its center of gra@tyis

the operation ofC-type rolls, designed by SC Butan in the same vertical line as that of the suspenpmint,

Grup SA Gald [[1] and Figure 2p, a devices produced O, and in the load-free condition. The distance fribn

in the UK — offered by Kinetech Distribuitor SRL2J| inside of the vertical beam of the frame to thetigalt

line passing through the point of suspensbis marked

a,, and to the nearest edge of the plate roll it askeda
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(Figure 3,b). For safe operation it is necessary that the
width of the roll satisfy the relatidd/ 2 £ g, .

Y2

The inside 6f the vertical

beam ofithe farme

Ye

b)
Figure 3

a) Figure 3,b shows the device with a plate roll of
massm,, positioned in such a manner so that its mass
point (C,) is located on the vertical line passing through
O andC;. In this case, mass poin€) of the assembly
shall be located on the same vertical line andptheing
beam (platform) shall remain in horizontal position
Distancea has a particular value in this case, namely

a=Q-E. (1)
2

In the reference system with the origin at pdnt
(considered immovable):

Xe =X =% =0; 2
_my+tmy
yc_ ml"'n} . (3)

b) If, initially, the plate roll is positioned
eccentrically to the right, at distance d to thesifion
mentioned at point a, so that its mass point isonger
on the vertical line of point O (Figure 4), there is a
point P2 d which rotates the assembly clockwise. This
rotation triggers the repositioning of the massnpaif
the assembly (Figure 4), since the position of stable
equilibrium is that where C lies on the verticakiof the
support cable (see the mathematical pendulum tehwhi
the physical pendulum made of device and roll can b
assimilated (Figure 4g). An initial positioning of the
load as shown in Figure 4, a is safe, since, bydtaion
in a clockwise direction, the distance

a<a=ag, B 4
2
tends to zero, the device having a behavior thsinidar
to that of a normal hook.

Yc

G

\, P2 PL+P,

b) <)

Figure 4
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c) If the roll is initially positioned to the lef{gure The dependence between angleand distance d is

5, a) at distance d from the position referred to ahpa, determined from the condition that point C is om th
P2 d moment which occurs rotates the assembly ghrou vertical line of the support cable, i.e., the agsaiof the
an angle in the counter-clockwise direction (Figbyb). mass point of the assembly is zero (Figurb)5,
In such a case, which occurs when
B +
a>a:a)__' (5) XC:M:()@ mL)q_+rr£)£:0 (6)
2 m +m,

it is possible that, at a certain anglethe roll slide to the
left, causing an increase in the angle of inclomatiand
finally the fall of the plate roll from the C—typ#evice.

Ye
Y2

Figure 5
After rotating the device by angjeand setting the
balance, the abscissas of the mass points of thieede
and plate roll are given by the following relatibips:

X = Yy,sinj , @)
X, =-d+ y,sin ®)

By replacing these expressions in ,(6)it results
that:

. . d Figure 6
J= arcsin—— . (9)
y,+—Yy, The maximum friction force that can occur between
m, the roll and the device is
After rotating the device caused by the eccentric
positioning of the roll towards the vertical lind the Ftmax =N = nPcosj , (11)

support point of the device, the roll is on an imetl
plane. Component T of P1 weight depends (see Figjure wheremis the friction coefficient between the roll and
on anglej , hence on eccentricity d, according to the the placement beam.

relations The condition that slippage does not occur is given
o d by the following inequality
T=Rsinj= B—— (10)
Y, +ﬂ A T<Fimax ® tanj <m. (12)
m,

If friction anglej , is introduced (tan , = ), the
result is the well-known condition

J <jo. (13)
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~ P ..
arcsinLPqOU d< y2+Fly1 sinj
Yo+t ty 2
P

2

(14)

3. NUMERICAL EXAMPLE

) .4
Below are presented the numerical results obtained

on ac-type device for roll handling designed by SC
Butan Grup SA Galati, with mass

m, = 1300Kg.

The position of the mass point of the device
was determined by the lead line method (Figure 7).

Lead line

Centre of gravity

Figure 7

The result obtained by measurement is
y; =0,92m.
For the mentioned device, with a roll of
m, = 19435Kg,
Yo = 2,05m,
the resultis y-=1,948m.
From all these data, we have:

1.300
19.435

d[m < 2,05+ 0,92 sinj = 2,11sjn, (15)
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For values of the dry friction coefficient (steah o
steel) included irm= 0,18 + 0,25j(, = 0,168 + 0,245
rad), the result is

d<0,45...0,5Mm (16)

CONCLUSIONS

C-type devices have a high degree of safety if
operated correctly, according to operating instounst
that take account of the specific device and plalis to
be handled.

For the avoidance of the roll sliding in the deyiite
is strictly necessary that the condition

B< 2a,. (157)
be observed, as well as condition (4). Due to
vibration and shock inherently occurring during the
operation of lifting and transporting equipmentdahe
possible presence of oil stains, distanag where
slippage of plate rolls can occur, may correspandrt
inclination less than 10°. Taking into account [lass
operations in low-light conditions (bad weathemaght
time), in order to avoid accidents, condition
a=0, (168)
is required, i.e. the complete insertion of the b the
device.

It is also necessary to provide information and

transmission marks (documents), as well as handling

marks (symbols such as to clearly indicate the
position of the center of gravity - in particuldrthis
position is not central). In some situations ratveage
equipment may be used, such as straps, slings, hvise
necessary to provide responsible preparation @staff
and to maintain discipline in the workplace. Thejects

of such devices can be improved in order to avoid
accidents.
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COASTAL IMPACT SIMULATION OF A WAVE DRAGON FARM OPE RATING IN THE
NEARSHORE OF MANGALIA
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“Dunarea de Jos” University of Galati, Romania

ABSTRACT

The objective of the current work is to simulate thfluence of a Wave Dragon farm operating in\toénity of
the Romanian nearshore, more precisely in the Mangactor. As a first step, the SWAN model wasially used to
identify the wave conditions from the vicinity dfd target area in order to highlight the main welvaracteristics for a
ten-year time interval (between 1999 and 2008). &oetevant wave patterns were identified basechisndata, which
were further used to determine the influence ofWeve Dragon systems on the local wave heightsildlision. The
physical implementation of the wave farm in the graphical space was possible by considering theaoles
command, which is included in the SWAN model. Thieldling effect induced by the wave farm is mogn#icant in
the case of the average and extreme scenarioshwhiggest that beside the production of electrisitgh projects,
could be considered also suitable for the coastaéption on a local level.

Keywords: Romanian nearshore, SWAN, Wave Dragon, renewaklggncoastal dynamics.

1. INTRODUCTION Two geomorphologic units define the littoral: the
northern units defined by the Danube Delta and the
The global energy market relies mainly on the fossi southern unit which is located between the Mamaig B
fuels deposits which are limited and can eventually and the border with Bulgaria. The Midia Harbouttigst
out. In contrast, the renewable energy sourcedbeirey can be considered an important element for thersati
provided by the sun (directly or indirectly) andepent transport between the two units since remove aelarg
the advantage that they can be replaced by theahatu amount of alluvia (to the sea) from the littorakcilation
processes at a rate similar to their use. [6]. Since the coastal areas are dynamic envirotsnen
From the marine environment can be mentioned thewhere the erosion and accretion processes areathyst
wave energy which is the energy transferred from th shifting, the lack of sediments and the abrasit®aof
wind to the air-sea interface. Waves represent anthe waves can lead to severe changes in the
efficient way to transport energy over large water configuration of the shoreline.
surfaces and although the most energetic regioas ar In this context the purpose of the present wortois
being located on the ocean regions (between 306@hd identify the impact of a Wave Dragon farm on thealo
latitudes) recent studies revealed the potentiatahie wave conditions from the vicinity of the Mangaliecsor
other areas, like the Mediterranean or the Black B¢ in order to provide a better understanding of howilar
2]. projects can be used for the coastal protection.
Most of the wave energy converter (WEC) systems
are in the research & development stage although ov 2. METHODS AND MATERIALS
1000 conversion techniques are been reported ianJap
North America and Europe and the first patent was In the present work, the SWAN (Simulating Waves
reported during the oil crisis from 1970 [3]. The Nearshore) modelling system was used in order to
immaturity of this market results from the multiple simulate the wave condition from the target ard@sTs
opportunities to harness the wave power (location, considered to be a state of the art wave model twhic
methods, etc) which led to the development of gdar determines the spectral energy balance equatitima
number of systems, compared to the wind industry spectral and geographical spaces [7]. This is basate
where the Danish wind turbine model (three blades) action density spectrum (N) since in the preseridhe
considered as a reference. Nevertheless several WEQurrents the action density it is conserved, wiliie
systems are starting to emerge and can be suckgssfu energy density (E) is not. Also, it can be ment@tieat
implemented in the near future, such as: LIMPET, the spectral action balance equation is equal ® th
Pelamis, AquaBuQY, Wave Dragon or Oyster [4]. energy density divided by the relative frequensy)(
The Romanian Black Sea coast is characterised by a  Finally, the spectral action balance equation aan b
linear configuration which is locally modified bye expressed as:
presence of the major harbours (Mangalia, Constamda
Midia) and several coastal protection structureshsas
breakwaters. The Danube River is the main source of
alluvial sediments for the beach areas, the citicula
process being mainly influenced by the joint actafn
the waves and coastal currents [5].
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IN - q farm, this consists of 5 WEC systems which arenali
—+N[(c, tU)N]+—c, N + parallel to the coastline on a two lines configiarat
fit fis (1) Each system presents two wave reflectors whichrcave
q _ S length of 300m (similar to the real device), whibe the
ﬂ_quN ‘; numerical simulations carried out with the SWAN rabd

a distance of 25m was considered between eachnsyste
Where g is the wave direction ant the velocity of (from a single line). The distance between the liwes
the ambient current which is considered uniformhwit Was set to 190m while for the transmission coedfitia
respect to the vertical coordinate. The propagationVvalue of 0.68 was considered, similar to the oreds

. ! Diaconu 2013][8].
velocities of the wave energy are the group ve}oﬂ& In the absence of in situ wave measurements for

in the physical spacéc :ﬂs/ﬂk) with k the wave  this particular area, the SWAN model was used to
. . i simulate the wave conditions on a coastal resaiuttes

number associated with the relative frequency, 4 jnput was considered the wind data providedhey t

C; =S andC, =g in the spectral space. In shallow NCEP-CFSR (United States National Centers for

water, additional phenomena like bottom frictioepth Environmental Prediction, Climate Forecast System
induced wave breaking and triad nonlinear wave-wave R€analysis), which is characterised by a spatial
interactions induced by the finite depth effectsudti be resolution of 0.312° x 0.312° and a time step bb@rs.
also considered. The numerical simulations are focused on the time
The computational domain considered in the presentintérval January 1999 - December 2008 and for the
work is defined by a rectangular area with a length ~ Mangalia sector some relevant wave parameters were
5km in x-direction (cross shore) and 6km in y-dii@e indicated for the point S (284°E/4390°N) which is
(long shore), more information regarding the tamyeta ~ '0cated in the vicinity of the target area.
is provided in Figure 1. Regarding the Wave Dragon

Figure 1 A general overview of the target areagneha) Romanian Black Sea coast; b) general desistics of the
computational domain, where in the background és@nted the bathymetry of the target area whilbarforeground
the location of the Wave Dragon farm (5 systems)

3. RESULTS distribution of theHs values in the range of 0.5-1.5m

while the Tm parameter indicates a maximum peak for
In Figure 2 is presented the evolution of the wave the 2-3s classes.

parameters for the point S: significant wave heigHt) Based on the wave roses illustrated in Figure 2e

and the mean wave periodinf), respectively. The and 2f can be observed that the waves coming flam t

monthly variations of those characteristics is ¢adied in north, north-east and south sector tend to be more

Figure 2a and 2b in terms of the mean™ @®rcentile dominant, while in terms of the wave height more

(indicated by 95%) and extreme values. Regardimg th significant values (from the interval 3-4m) are rupi

Hs parameter can be noticed that much higher valges a reported from the north-east sector during the awvint

being reported during the winter time (between ®eto  season.

and March) with a maximum value of 5.7m in January Considering the previous results the following case
and a 5.2m in November, while for the 95 percerlike studies were identified:

wave height do not exceed 3m. Compared to thimmduri - CS1:Hs=0.9m;Tnme3.2s - average conditions;

the summer time much lower values can be observed i . CS2:Hs=2.3m;Tm=5.4s - energetic conditions;

June (2.15m) and August (2.5m). In terms of theevav . CS3:Hs=5.7m:Tm=10s - extreme situation.

period can be mentioned a peak value of 10s during  Since the wave direction can vary from north to the
March, while the mean and 95 percentile reporte®lu  east sector and the shoreline is located on theseetor,
below 4s and 6s, respectively. the following directions were considered for the

Considering the histogram distribution (during the simulations: a) north-east (30 b) east (9% and c)
total and winter time) can be noticed a significant south-east (15).
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Figure 2 Wave statistics in the point S@8E/4390'N) for the time interval January 1999 - Decem@08.
Evolution of the parametéts (m) andTm (s), where: a, b) monthly variation; ¢, d) histgs for the total and winter
season; e, f) wave roses reported for the totakantbr season

Figure 3 illustrate the nearshore transformation of each WEC system can be reported wave heights of.0.4
the local wave field for the case study CS1. In the In the case of the east waves the second lineedfBC
absence of the wave farm the target area is definedsystems show a more significant impact on the inngm
mainly by the presence of a single wave field which waves indicating in the vicinity of the systemsued of
report a maximum of 0.9m in the offshore region and 0.45m. The influence of the wave farm in the
minimum of 0.5m in the vicinity of the shoreline.Héh geographical space in the case of the south-eastsna
the waves are coming from the north-east sectorbean similar to the one reported for the north-east gavéth
noticed that the shielding effect of the Wave Drago the mention that this time much higher variatioms a
farm generate an extension of the narrow wave field being reported in the upper part of the target.area
located from the shoreline (depth<4m) while behind

Figure 3 Evaluation in the geographical spacéefibfluence of the Wave Dragon wave farm considgtie case
studies CS1, for: a) north-east waves (30°); b)) wases (90°); ¢) south-east waves (150°)
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In Figure 4 is presented the evolution of the For the north-east waves the presence of the Wave
incoming waves which is reported along a line which Dragon systems can reduce the wave heights to 0.55m
start from the point P1 (located in front of thenfa- the profile highlighting the influence of the sedoline
Figure 1), cross the middle of the wave farm andlfy of the WEC system and a local regeneration of theew
ends on the shoreline. In the absence of the WECheights. In the case of the east waves,Hhg@arameter
systems can be noticed that incoming waves arecan report a minimum value of 0.5m on the contatt w
gradually decreasing (from offshore to the neamshor the first line of wave farm.
from 0.72m to 0.5m (north-east and south-east wWaves
and from 0.78m to 0.61 in the case of the east svave

Figure 4 Variation of théls parameter for the case studies CS1 along a lifieedieby the point P1- shoreline (passing
through the middle of the Wave Dragon farm)

The influence of the wave farm in the geographical the WEC systems is more severe than on the fisst ca
space is presented in Figure 5. In the target eaeabe studies, which mean that the shielding effect geteer
observed the presence of the two distinct waveldiel by the wave farm can lead to an expansion of the
which reveals values of 2-2.3m (for the offshoree)on shoreline wave field until they reach the secome li
and wave heights in the range of 1.56-1.97m closbe (from the shore) of the Wave Dragon farm. In thase
shoreline, while for the east waves in the lowert p& behind the first line of WEC systems this parameter
this area it is noticed the occurrence of wave litsig can reach values of 1.4m.
close to 2m. For these wave conditions the inttecof

Figure 5 Evaluation in the geographical spacdefinfluence of the Wave Dragon wave farm consiggtine case
studies CS2, for: a) north-east waves (30°); b) wases (90°); c) south-east waves (150°)

68



Constanta Maritime University Annals

Year XV, Vol.21

A more detailed investigation of the wave
transformation along the reference line definedthoy
point P1 for the case studies CS2 is presentedgiré
6, where can be noticed that in the offshore ahea t
wave heights are almost 3x higher than the onertegio
for the CS1.

When the waves are coming from north-east the
Wave Dragon farm can initially reduce the wave htdg

to a 1.5m on the contact with the first and seclmel
with the mention that between these two linesHeean
reach a maximum of 1.7m. In the case of the eagesva
can be expected that WEC systems to reduce thal init
wave heights to a value of 0.9m which remain canista
until the vicinity of the shoreline when the incowi
waves will collapse.

Figure 6 Variation of théls parameter for the case studies CS2 along a lifieedieby the point P1- shoreline (passing
through the middle of the Wave Dragon farm)

In Figure 7 is presented the distribution of theveva
heights which correspond to the case studies C88. C
be noticed that for the north-east waves, the prsef
the wave farm generate in the upper part of thgetar
area a wave field with values in the range of 3&¥8
while in the central region the wave heights ofn3.are
more dominant. In the lower part is possible tounstls
values of 2.6-2.9m which can expand from the shozel
area to the second line of the WEC systems (froen th
shore), while locally behind each Wave Dragon syste

much lower values can be reported (between 2.3m and
2.5m).

When the waves are coming from east in the upper
part of the wave farm can be observed wave heights
3.7m, compared to the central area where behind the
second WEC line is reported a value of 3.2m. Incdmse
of the south-east waves between the wave farm laand t
shoreline are reported three distinct wave fieBi8.3m
(close to the wave farm); 2.5-2.8m (central ar@a-
2.5m (close to shoreline - lower part).

Figure 7 Evaluation in the geographical spacdefinfluence of the Wave Dragon wave farm consiggtine case

studies CS3, for: a) north-east waves (30°);
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Figure 8 presents the variation of tHe parameter  variation for the south-east waves. The presencidef
along the reference line defined by the point Plthe Wave Dragon is more significant for the east waves
offshore area it is observed a wave height of Shickv where a sharp variation it is noticed on the cdntath
reported to the wave directions, presents a mughehi  the first WEC systems (from 4.5m to 3m).

Figure 8 Variation of théls parameter for the case studies CS3 along a lifieedieby the point P1- shoreline (passing
through the middle of the Wave Dragon farm)
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EXPERIMENTAL RESULTS TO EVALUATE THE WAVE AND CURRE NTS
CONDITIONS IN THE ROMANIAN NEARSHORE

1ZANOPOL ANDREI-TANASE,?ONEA FLORIN,*RUSU LILIANA
Y23Punarea de Jos University of Galati, Romania
ABSTRACT

The objective of the present work is to provideemeayal overview of the wave and coastal currerim fthe
Romanian Black Sea coast. The measurements sessiwascarried out in three coastal sectors (Saedr@e, Cap
Tuzla and Vama Veche) by using the system Midas&I8 which is capable to monitor various paranseferm the
marine environment. The results are reported fer ttme interval June-August 2011 being indicated deveral
reference points located on water depths of 11-48uth higher wave heights are in general noticeithénsector Saint
George (which can reach 2.4m), while in terms ef ¢bastal currents was highlighted that the longhsarrents are
oriented from north to south and in general presenilar or more significant values than the ripreuts.

Keywords: Black SeaRomanian nearshore, in situ measurements, wavastalaurrents.

1. INTRODUCTION The coastal current from the Romania nearshore are
more present more significant values during thetevin
The Black Sea is a semi-enclosed basin with atime when the energy from this environment
surface of 432000kfrand a water volume of 538124km  significantly increases. As a result, the sediments
which is usually called in the scientific literatuas a  particles from the shoreline are being on a coistan
“small scale ocean model” or “unicum hidrobiologitu action of the kinetic and potential energy inteyisif in
if we consider the hydrological characteristics thé this way the longshore and nearshore transporhef t
aquatory. In general the structural and dynamical sediments along the coastline and to offshore ghehas
characteristics of the water masses are on a cample 14].
interaction with the atmospheric processes whictarme In this context, the objective of the present wizrk
constant substance and energy exchange at théagger to identify some relevant wave and coastal currents
of the two systems. This basin is connected to afeatures in order to provide an overview of the
hydrographic network which summarize a volume of Romanian coastal environment by wusing in situ
198knT from which the Black Sea River share almost measurements.
33.4% [1, 2].
For the Romanian Black Sea area the costal current2. METHODS AND MATERIALS
are under the influence of the maritime currentsctvh
are coming from north to east, which are charasxeri In Figure 1 is presented the Romanian shoreline
by significant instabilities regarding the directiand the  area where was highlighted the location of the ehre
speed if we consider the influence of the localdsirthe target areas considered for measurements. The Saint
bathymetry and also by the coastal structures (ex:George sector is located on the northern part ef th
harbours or breakwaters) [3, 4]. Regarding theasaf shoreline in the proximity of the Danube Delta, \@tthe
currents they can report average velocity locatedtwo other target areas are being situated on ththem
between 20cm/s and 40cm/s while in extreme cases caunit close to the Cap Tuzla and Vama Veche - 2 Mai
be reached values of 100cm/s. In general the noaderi beach sector.
simulations implemented for this area show a good The measurements sessions were conducted in four
agreement with the in situ measurements, the mainreference points (for each area) and more details
difference occurring on the transition between thesin regarding their characteristics are being provided
seasons [5]. Table 1. In Figure 2 are presented some detaibrdaty
Beside the influence of the local wind conditions the measurement campaigns where in Figure 2b can be
[6, 7] the Romanian coastal currents are also gée@r observed the system Midas 808-400 used for theeptes

by the flow discharge of the river Danube [8 - 116]. studies. This is a fixed electromagnetic statioodpced
this case, the surface currents tend to increase th by the Valeport Company, designed to measure the
speeds according to the hydric regime of this rivem coastal currents for a time interval of 1s for douiy
the north sector which is also influenced by thiéoacof interval 0.05-5 m/s. The accuracy of the systentase
the Rim current (from north to south) and the tvansal to £ 5mm/s if we consider a 0.001m/s resolutior].[15
stratification of the water masses. The direction is provided by an internal electrometge

According to the meteorological conditions and compass which is defined by an accuracy of + 1%, a
considering the coastal structures, was noticed ttiea resolution of 0.0 Regarding the horizon depth, this is
currents coming from south can report values latate  determined by a pressure sensor which has a preas$i
the range of 3cm/s and 50cm/s while for the extremez 0.1%, considering a pressure measurements riesolut
conditions a maximum of 80cm/s was registered [11]. of 0.00% and a continuous interval measurement.
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Figure 1 General characteristics of the targetsahere: a) overview of the Romanian shorelineSdint George
sector; b) Tuzla sector; ¢) Vama Veche - 2 Mai@ect

Figure 2 Images capture from the measurements égngpavhere: a) preparations of the instruments and
measurements; b) overview of the system Midas &iB-4

Table 1. The positions and the main features opthiets considered for measurements

Point Time interval Latitude’ Longitude ) Water depth (m)
Saint George
SfGh-1 09.08.2011 440980 29°40'401" 27
SfGh-2 09.08.2011 441'043” 29° 50'354" 39.2
SfGh-12 16.08.2011 4462934 29° 45'041” 37.4
SfGh-14 16.08.2011 44°137” 29°46'197” 39.7
Tuzla
Tuzla-1 29.06.2011 4%8'177” 28° 41°090” 22.4
Tuzla-2 29.06.2011 4%9'141” 28°42'991” 33
Tuzla-3 2.07.2011 40457 28° 41'255” 30
Tuzla-6 16.07.2011 490'240” 28° 42'839” 31
Vama Veche — 2 Mai
VV2Mai-2 07.07.2011 4347°289” 28°37'902” 21
VV2Mai-7 11.07.2011 4345'847" 28° 43'659” 44
VV2Mai-9 12.07.2011 4345'021" 28° 43’571 45
VV2Mai-10 15.07.2011 4347'309” 28°36'102" 11
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3. RESULTS

In Figure 3 is illustrated the variation of the wav
heights based on the in situ measurements prowiged

measurements it can be mentioned that the poinh-SfG
14 presents much higher values compared to: SfGh-1
1.01m/1.52m/1.65m (minim/average/maxim); SfGh-2
1.17m/1.37m/1.57m; SfGh 12-0.77m/1.37m/1.65m;

the system Midas 808-400 for the Saint George secto SfGh-14 1.01m/1.75m/2.13m.

(in four reference points). From the analysis ofsth

Figure 3 Evolution of the wave heights in four refece points located in the sector Saint George

The evolution of the coastal currents from this
sector is presented in Figure 4. The @wvX component)
and the longshore current€JWy component) are being
considered for analysis, with the mention thatie tase
of the negative values the corresponding currergsat
oriented on the positive or y axis of each target area. In
this case can be mentioned that the longshore riasrre
present much higher values which suggest thathisr t
sector the sediment transport along the shorelmebe
considered dominant, this fact being reflected bg t
formation of the Sahalin island.

For the rip currents a maximum value of 0.4m/s is 0.27m/s (40m depth);

being reported by the point SfGh-14 on a water ldept
30m, for the point SfGh-12 a value of 0.3m/s isomnépd

for the water depth 25-60m while a similar value t&
observed for the point SfGh-2 especially near tba s
bottom.

When the longshore currents are oriented from
north to south the following maximum values arenei
noticed: SfGh-1 0.43m/s (on a 10m depth); SfGh-
2 0.27m/s (10m depth); SfGh-12 0.37m/s (between
30m and 50m); SfGh-140.61m/s (between 15m and
25m). Analysing the longshore currents from the south
sector can be highlighted the following maximum
values: SfGh-1 0.46m/s (sea level); SfGh-2
SfGh-12 0.27m/s (0-20m
depth); SfGh-14 0.33m/s (10m depth).

Figure 4 In situ measurements of the @wX) and longshore current€yy) reported for the sector Saint George
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Going to the Tuzla sector in Figure 5 is presented (1.29m). The reference points Tuzla-2 and Tuzla-3
the variation of the wave heights, from which the (located on a water depth of 30m) reveal maximum
following average values can be mentioned: Tuzla-1 values which can reach 1.5-1.6m, while for the &tz
(2.07m); Tuzla-2 (1.30m); Tuzla-3 (1.26m); Tuzla-6 maximum of 1.28m is reported.

Figure 5 Evolution of the wave heights in four refece points located in the sector Tuzla

Regarding the longshore currents (presented in(Tuzla-6). The rip currents reveals positive valuddéch
Figure 6) from the Tuzla sector, the reference fgoin are located around a mean value of: 0.25m/s for the
indicate a variation of the values between: -0.29amnd points Tuzla-1 and Tuzla-6, while a value of 0.3cHs
0.07m/s (Tuzla-1); -0.36m/s and 0.08m/s (Tuzla-2); be considered more representative for the poinga¥2l
0.39m/s and 0.19m/s (Tuzla-3); -0.32m/s and -0.64m/ and Tuzla-3 for the entire water depth.

Figure 6 In situ measurements of the @wvX) and longshore current€yy) reported for the sector Tuzla

The results of the in situ measurements of the wavenoticed the following variation on the water depth:
and nearshore currents from the sector Vama Vexhe i0.44m/s and 0.34m/s (VV2Mai-2); -0.37m/s and 0.32m/
presented in Figure 7 and Figure 8. For this cagmpaf (VV2Mai-7); -0.44m/s and 0.66m/s (VV2Mai-9); -
experiments the local wave conditions were repoited 0.36m/s and 0.39m/s (VV2Mai-10), with the mention
the range of: 0.99-1.47m (VV2Mai-2); 0.99-1.69m that the point VV2Mai-7 presents much higher values
(VV2Mai-7); 0.85-1.61m (VV2Mai-9); 0.52-1.24m the vicinity of the sea bottom.

(VV2Mai-10). In terms of the longshore currents can be
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Figure 7 Evolution of the wave heights in four refece points located in the sector Vama Veche a2 M

Figure 8 In situ measurements of the @wX) and longshore current€yy) reported for the sector Vama Veche - 2 Mai

4. CONCLUSIONS period of time (between 50 and 170 seconds) they
provide a short inside of marine conditions durthg

The objective of the present work was to provide a summer time (for various locations and water dépths
general overview of the waves and coastal currentsbased on which could be deducted the conditions fro
conditions from the Romanian Black Sea coast. Threethe winter time, which usually are 2x higher th&e t
target areas were considered for the measurementsummer values.
campaigns based on the fact that they are distdbut Regarding the coastal currents can be observed that
along the entire shoreline (both in the north aadtls the longhsore currents present much higher valas t
unit), as follows: a) Danube mouths - Saint Geotge; the transversal one (rip currents) and also was
Tuzla; c) Vama Veche - 2 Mai. The marine parametershighlighted the fact that they can easily exceedni/s
were determined by using the system Midas 808-400when they can dislocate the sediment particleschwts
(fixed floating station) during the months JundyJand the first phase of the erosion processes. Also lman
August from 2011, for various point which are l@tht mentioned the variability of the currents direcpn
on water depths which varies from 11m to 45m. which for the longshore currents can be quantifie@

In general these results reveal that the Romaniansediment drift along various beach sectors whiletlie
coastal area is a highly dynamical environment wher rip currents a positive value of the currents meiduas
the wave conditions can easily reach values of 1.7mthey will remove sediments (to the offshore areajnf
(Saint George), 1.3m (Tuzla and Vama Veche) with th the coastal circuit.
mention that in the sector Saint George was alsicet Finally, can be concluded that the present studies
the occurrences of the wave heights higher tham2.1 provide a brief insight of the local marine chaeaistics
Although the wave conditions were monitored fohars which can be further used to evaluate the erosite r
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from the target areas, and also to determine theuatm
of electricity produced by various wave farms opiata
in the Romanian nearshore.
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COLD START AND WARM UP PHASE EMISSIONS
FROM DIESEL ENGINES

'DAWWA MAHRAN, BOCANETE PAUL

L2Constanta Maritime University, Romania
ABSTRACT

This paper is a result of experimental study of [tCstart and warm up phase emissions from diesgher” that
carried out at Constanta Maritime University. Diesegines shows a significant increase in CO, C@ad HC
emissions during cold start and warm up periodgystig the emissions during this phase or perioggak lot of
attention because of the increase in concentratioridwide about gas emissions from diesel engiesi many
systems were invented for reducing these emisslarieg this phase.

Keywords: cold start, warm up, emissions, diesel engines.

1. INTRODUCTION The mixture inside the combustion chamber of air
and fuel vapour undergoes then pre-ignition chelmica

We mean by cold start and warm up phase, thereactions. If these processes take place during the

period of time that the engine takes in order schethe
normal operating temperature.

This phase depends on many factors such as engine

displacement, compression ratio, starter, battizey &nd
charge status, and cold start systems such aspims,
and Intake air preheating

2. THE COMBSTION INSTABILITY DURING
COLD START AND WARM UP PHASE

compression stroke when heat is added to the system
their rate is favoured.

On the other hand, if some of these processes take
place during expansion stroke, where energy isntake
away from the mixture, then their rate decreasefadt,
there is an argue that the criterion for ignitiorotcur in

a diesel engine is that compression temperature and
pressure should be high enough to reduce ignitedayd

to the time available between injection and somatpo

Combustion development and progression during prior to TDC. Even if part of the mixture is fingll

diesel engine cold start comprise a very challemgin
operating condition, mainly in terms of completes th
process successfully Due to the low combustion dgam
wall temperature during cold start, the air-chairge¢he
cylinder may not reach the temperatures which el
capable of vaporizing the injected fuel. Consedyent
formation of mixture inside combustion chamber may
be prohibited, ultimately leading to complete costinn
failure, but more likely to combustion instabiliyith the

engine compression ratio and starting aid playing a

primary role. A key parameter is also the low itij@T

pressure encountered at the low cranking speed thal

leads to poor spray penetration, atomization arel fu
evaporation.

During the compression stroke and after fuel
injection, heat is transferred from the air-chatgethe
liquid fuel spray, supplying its sensible heat daint
heat of evaporation. This process causes a drdpein
local air temperature further enhanced by heatbss
the cold cylinder walls and by the blow-by losses.

77

vaporized, the auto-ignition process is still sabjeo
failure as will be discussed in the next paragraptany
case, during cold starting, ignition delay is praed,
leading to harder premixed combustion phase ankehig
combustion noise.

In the case of the increased ignition delay dumatio
in ms does not necessarily correspond to longetiogn
delay in degrees crank angle when it compared with
normal operation, and this is because of the vewy |
rotational speeds encountered during cold starting.
l{—|ence, it has been argued that it may be advantiageo
retard signal-stage fuel injection during starting
compared with warmed-up operation, in order to
promote mixture preparation in a more favourable ai
environment.

The Figure 1 Summarizes the previous discussion,
and illustrates the primary mechanisms that are
responsible for combustion failure during cold stH#ra
diesel engine.
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Figure 1 Combustion failure mechanisms during diesgine cold starting

3. THE EFFECTS OF COMBUSTION AT COLD turbocharged diesel engines turbocharger lag cdighs

START AND WARM UP PHASE ON THE fuel-air equivalence ratios causing increasingséveral

FORMATION OF THE ENGINE EMISSIONS types of gaseous or particulate components with
different chemical compounds and optical properties

There are two particular aspects that influence
strongly diesel engine cold start and warm up phase
performance and emissions.

The first aspect is low coolant temperature, hence
cylinder wall temperature that increases heat feamate The increasing of the opacity of diesel engineus d
to the cylinder walls, and the second aspect isdogine to Low temperature of the air that supplied toe¢hgine,
rotational speed that allows more time for losseshie and to the low temperature of the combustion chambe
heat to occur. wall, these conditions will cause lowering the

The formation of emissions is dependent on the compression ratio, and this is will be responsifde
combustion parameters, and these parameters ar@creasing exhaust gas opacity in cold idle sigaifily.
different in warm up phase from normal operatinggeh
So at cold start phase the temperature of comptesise
at the end of compression stroke maybe couldnthea
the temperature capable of complete fuel combustion
leading to even longer ignition delay periods, leenc
harsher combustion and higher emissions.

So, cold diesel engines produce higher HC,CO, and
soot because their fuel burns incompletely. Smoke
(exhaust gas opacity) makes this visible.

The popular indicator of combustion process during
cold start in diesel engines at cold days is thecip of
the gases that emitted from the engine.

As shown in Figure 2 the effect of coolant
temperature on the smoke opacity.

4. EXHAUST EMISSIONS IN COLD START
AND WARM UP PHASE

Cold starting exhausts are strongly influenced by

the low cylinder wall and coolant temperatures that — |====- 40°c
prolong ignition delay and lead to incomplete _ _ _ _ _
combustion “as mentioned before”, in the case of Figure 2 Smoke opacity during engine cold startarg

two different coolant temperatures for diesel eagin
four-stroke, six-cylinder, 8.2 L
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The amount of the gases HC and CO which emitted CO2 emission, by calculation the percentage ofGoe

in the cold start phase is higher than that emitkadng
the similar hot phase of the Cycle and this whatsee
in the next section .
5. THE EXPERIMENT
The Experimental study of the diesel engine
emissions during cold start and warm up phase, that
carried out at laboratory of Constanta Maritime
University.

The next photo is for engine(T650 Brasov) test cell
, the measures were taken while the engine wasimgrk
at idle speed 793 RPM .

emission at the different temperature we find B&2
emission at 30 C is higher than its value at 5¢/C.B%

C02%

14
1,35
13 uCo2%

25

30c 50¢

Figure 4. The result of CO2 emissions

Also by calculation the percentage of HC

emissions at different coolant temperature thelrésat
coolant temperature 30 C HC emissions are highar th

Figure 3 Engine test cell

6. THE EXPERIMENT RESULTS

These results were taken at ambient temperature 24

C, and the atmospheric pressure 1.006 Bar, atréliffe
coolant temperature.

Firstly, the measures of gas emissions were taken a
the coolant temperature 30 C, then at 50 C

Table 1 the results of the experiment

Cooling Water

Tempgerature 30c S0c
RPM 793 793
NOX ppm 690 900
02% 18.66 19.11
HC ppm 23,00 21
CO% 0.06 0.05
CO2% 1.4% 1.3%

7. THE RESULTS DISCUSSION
In this section we will discuss the results of the

experiment for each gas individually with the hefithe
charts for each gas as well.
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HC emissions at 50 C by 9.52%

HC ppm

23
22,5
22
215
21

B HC ppm

20,5
20

30C 50C

Figure 5 The result of HC emissions

CO emissions at coolant temperature 30 C as figure
6 shows are higher than CO emissions at 50 C and by
calculation the percentage between emissions valties
the different coolant temperature the CO emissair0
C are higher by 20% .
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CO%

m CO%

Figure 6. The result of CO emissions

On the contrary of the previous gases, NOx
emissions at coolant temperature 30 C are lessNian

On the other hand the experiment shows that NOx
emissions at lower temperature are lower, because t
formation of NOx emissions is related to the terapae
inside the combustion chamber, so increasing the
compression ratio will cause increasing in the gase
temperature inside the combustion chamber resuiting
this increase in NOx emissions
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8. CONCLUSIONS

As the experiment shows at lower temperature the

CO, HC, CO2 emissions are higher due to the low wal
temperature during cold starting and warm up phtse,
air-charge in the cylinder may not reach tempeestur
capable of vaporizing the injected fuel. Leading to
longer ignition delay period.
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PM-NOx TRADE OFF IN THE DIESEL ENGINES
IDAWWA MAHRAN, 2PAUL BOCANETE

12Constanta Maritime University, Romania
ABSTRACT

This paper discusses the relation between PM ankl &fiissions and the conditions that affect the &iom of
PM and NOx emissions, where temperature and tHeafueatio considered the most influencing facttirat affect the
formation of both of them, the real challenge iduging pollutants from diesel engines involvesaaé-off between
NOx and PM emissions. There is a tendency wheredsiorg NOx emissions to increase PM. Conversetiyciag PM
tend to increase the formation of NOX, also thipgradiscusses the solutions for PM-NOx trade off haw we can
reduce both of them and avoiding the trade-off.

Keywords: NOx, PM, Particulatr matte, Emissions, Trade offe&dl Engines.

1. INTRODUCTION chamber PM forms in regions at temperature abo®® 16
K. . While NOx form at temperature above 2000 K

Diesel combustion process comes by igniting the
mixture of hot air and injected diesel, unlike das®
engines the mixture inside combustion chamber is
inhomogeneous because the available time for miaing
with injected diesel in order to form a homogeneous
mixture is respectively short. Therefore the aglftatio
varies inside the combustion chamber, or what deeta
"deficiency” ( << 1) inside regions around the &tjen
sprays. There is an excess of air ( >> 1) between
injection sprays and on the combustion chamber. wall
This deficiency effects emission formation in diese
engines.

Hence PM forms in rich regions at temperature
above 1600 K, and NOx form in lean regions at
temperature above 2000 K.

2. THE INFLUENCIG FACTORS FOR PM-NOX
FORMATION

There are many factors affect or have an influence
on the formation of PM and NOx emissions during
combustion process, the formation to both of them
depends in general on the engine load conditioog’ |
loads or high loads”, engine transient operatiogad
Increase (Acceptance) or Speed Increase”
(Acceleration). The most important factors thaeeffthe
formation of PM and NOx inside the combustion

chamber are: Figure 1 Air/fuel ratio and temperature ranges @i\

2.1. Air fuel ratio and soot formationf =1//

Particulate matter is a significant pollutant céstl 3. CHEMICAL THERMODYNAMICS
engine and the formation of particulate matter ogcu
when diesel burns in air deficit zones. Particutatter The crucial task for lowering diesel emissionsas t
forms as a result of thermal cracking of fuel males ~ improve particulate and NOx emissions simultaneggusl
under air deficiency. From the other hand NOx and this is considered as a difficult task, as ehisr
emissions occurs in lean mixture zones since oxyggen  usually a trade-off between these two emissionsaphl
nitrogen are present, and the temperature is anotheNOX.

condition to form NOx which will be discussed next. To determine if this task is at all possible, basic
fundamentals of chemical thermodynamics must be
2.2. Temperature explored. Figure 2 shows a typical mixture disttibo

Temperture is a significant factor for formation PM in a diesel injection spray just prior to ignitiarnging
and NOx, PM and NOx form in different regions fromrichin the spray core to lean in the sprageedhe

according to the temperature inside the combustiondiagram on the left shows the temperature histéthe
zones with different relative air-fuel ratios , peading
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from the curve of mixture temperature before

affected by the soot flow rate and the driving eyt

combustion up to the curve of burned gases aftervery high mileage the engine oil may have a ‘ged-li

combustion.

appearance when the soot percentage in the oigfs h

The diagram also shows the zones of soot and NOxPrevious theory in the literature indicated thatlat

formation, the darker shadowed zones indicatindndrig
formation rates.

It can be seen that in an indicated tarfetange,
combustion is possible without soot formation amtlyo
very low NOx formation. Thus, in principle, smoksde
low-NOx diesel combustion should be possible.

If the mixture formation could be narrowed to the
required mixture ratio. This may not be possibléhwie
combustion of typical sprays.

However, even if soot formation cannot be
completely avoided, there is a possibility of bamithe
soot, during the high-temperature combustion pmess
shown in the diagram on the right side of the fegur

Figure 2 PM formation and nitrogen oxide
formation in a diesel fuel spray and its dependemce
stoichiometric air-fuel ratio

This of course, requires intensive mixing at the
beginning of the expansion process while the
temperatures are still on a high level, although tno
high because of NOx formation. In this way the soot
generated can be burned nearly completely durieg th
process.

It can be concluded that a careful mixing stratisgy
the key to low-emission diesel combustion. Sinceimgi
is controlled by fuel injection as well as by aiotion in
the combustion chamber,
developed concurrently.

Future diesel combustion development approache
follow these guidelines.

4. EGR ENGINE COMPONENT WEAR AND
NOX-PM TRADE OFF

During the expansion stroke carbon soot is expose
to the lubricant oil in the cylinder. The effectsemgine
speed, load, air-fuel ratio, EGR rate and blow-Hy a
affect oil soot loading. Oil aging refers to anre&se in
the soot level, an increase in oil viscosity arkearease
in the total base number (TBN) of the oil. The vty
increase may be due to the insoluble and the soot.

The increase in viscosity due to the soot may megat
the fuel economy gains from the light-weight oilher
percentage of soot in the oil increases almostatige
with engine operating hours (or vehicle mileage) &n
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load conditions or mixed cycles, EGR has no eftatt

oil aging and engine wear; but EGR may increase
component wear at high-load conditions. Engine soot
flow rate usually increases with engine speed aad.|

At high speeds and high loads, higher EGR rate
generally tends to increase the soot flow rate.

Based on the NOx—PM trade-off in diesel engines,
one may think that the retarded fuel injection tigpnand
increased EGR rate used for NOx control resultrin a
increase in PM emission, and the PM is transpartex
the lubricant oil to accelerate oil aging.

So there is a relation between oil aging, EGR, soot
and NOx emissions However, such a trade-off may not
hold true when more advanced high-pressure fuel
systems and air handling systems are applied. Harot
words, modern high-EGR diesel engines may achieve
low engine-out soot level with high EGR rate vigter-
pressure fuel systems and advanced air systemsukith
much degradation in oil soot loading and wear.

Engine-out PM control is an important system
design topic for engine and EGR wear durabilityit i
difficult to reduce the engine-out PM level at ieased
EGR rate, larger oil sump volume, reduced oil cleang
service interval and better oil film thickness in
tribological design can be considered in order to
accommodate the increased PM level in the oil.

Some chemically treated oil filters can keep soot
from agglomerating in the oil for soot dispersiantbat
a long oil drain interval can be maintained. Enleghoil
filters may also help total base number retention.

If proper design measures are not taken to reduce,
control, or accommodate. Soot emission, increasing
EGR usually increases the rate of oil aging andcéen
increase engine wear on the tribological componnts
certain extent.

5. INJECTION PARAMETERS AND PM-NOX
TRADE OFF

both processes must be

The engine design involves the injection system as
well as the piston ring pack design. The injecsgatem
can be used to control the carbon (soot) fractibthe
particulates and to control the SOF(soluble organic
fraction) fraction through the HC condensation.

The ring-pack design controls mainly the SOF
fractions of the lube-oil contribution, since ordyminor

gfraction of the lube oil will participate in the wbustion.

Soot formation is caused primarily by insufficient
fuel-air mixing, which can be improved through fuel
pump and nozzle design by optimizing the injection
rate versus the air swirl (high fuel pressure,lsnazzle
holes, spray directions), as shown in Figure 3 Ojeer
plot in Figure 3 shows total PM versus load and the
lower plot shows the trade-off between PM and NOXx
from a special injection study on low-sulfur diessll
NOXx increased for increasing injection pressureépk
for one test condition) as expected, whereas the
influence on PM varied at different loads.
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hand, in rich area of the mixture with< 0.8 and at
temperatures above 1,400 K. In the HCCI methodsethe
areas are avoided, see Figure 4.

Figure 4 , T range of the HCCI method

In homogeneous diesel combustion, the fuel is
already injected very early into the combustionnchars
as opposed to the conventional diesel processhatoat
relatively large amount of time is available forxtoire
formation.

This very lean mixture ideally ignite simultaneagusl
at many locations in the combustion chamber space
ignition) and therefore burns through very quickly.
Because of the lean mixture, no local temperateke
appear, and thus is the thermal formation of NO
impeded; also, in largely homogeneous mixtures, no
local rich regions are found and thus practicallysoot
is produced.

Figure 5 shows the injection and heat release rates
dependent upon the crank angle for the conventianal
HCCI methods. In the HCCI method, the injectionetak
place via a sequence of single injection impulsgsit(
injections), the heat release takes place veryktuio
the TDC area. Split injections can be representgte q

Figure 3 Influence of injecton pressure and nozzle straightforwardly by a common rail injection system
specification on total PM versus engine load (uppet)

and on PM versus NOXx (lower plot)

The smaller nozzle improved (reduced) both NOx
and PM (except at 50 present load). Therefore, Bdth
and NOx emission need to be part of the optiminatio
conceptual path for high-temperature combustion to
reduce particulates (soot) without increasing NGx i
proposed.

6. SOLUTIONS FOR PM-NOX TRADE OFF

6.1. Homogeneous combustion Figure 5 Injection and heat release rates for the
conventional and the HCCI method
In order to hinder as much as possible the o
production of the pollutant component nitric oxiN©x For the control of the HCCI process, it is senstble
and soot, which are dominant in diesel engine Use the exhaust gas rgcw_culatlon rate. As a reskuhe.
combustion, a new combustion process, so-calleghigh level of charge dilution and very low combasti

homogeneous charge compression ignition (HCCI), istémperatures, there is a clear increase in CO a@d H
being developed. emissions. Both of these pollutant components mifist,

The NOX -formation generally occurs at Necessary, be reduced with the help of an exhaast g

temperatures above 2,000 K, soot formation, orother ~ after treatment by means of a catalytic converter.
6.2. Using after treatment systems
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[5] Jung, M. Ishida, Yamamoto, H. Ueki, D. Sakaguch

In order to meet the diesel emission standard Remarkable improvement of NOx-PM trade-off in a

legislation limits, a diesel engine can be optirdizey
internal means to give low particulate emissionsl an
lower fuel consumption. These modifications of the
engine lead inevitably to higher NOx emissions tlue
the NOx-PM trade off. An efficient Urea SCR after-
treatment system is then able to reduce the hibylagx
emission to below legislation limit.

7. CONCLUSIONS

diesel engine by means of bioethanol and EGR,
Nagasaki University, 2010

[6] Maiboom, X. Tauzia, Hétet, Experimental study o
various effects of exhaust gas recirculation (E@R)
combustion and emissions of an automotive direct
injection Diesel engine, (2008)

[6] Jacobs, D. Assanis, Z. Filipi, The Impact ofhaxst
Gas Recirculation on Performance and Emissions of a
Heavy-Duty Diesel Engine, SAE paper 2003

[7] Hountalas, Controlling Nitric Oxide and Soot in

As we have seen NOx and PM emissions form in Heavy Duty Diesel Engines Using Internal Measures,

different regions inside the combostion chamber xNO

FISITA World Automotive Congress, Barcelona, Spain,

emissions form in lean regions at temperature above2004.

2000 K, soot emissions form in rich regions at
temperature above 1600 K, so because of the complex
of the mixture formation inside the combustion cham

[8] Hountalas, J. Benajes, E.G. Pariotis, C.A. Gz,
Combination of High Injection Pressure and EGR to
Control Nitric Oxide and Soot in DI Diesel Engines,

and the comlexity of the combustion process in the THIESEL Conference on Thermo- and Fluid Dynamic
diesel engines, we can not avoid PM-NOx trade off Processes in Diesel Engines, Valencia, Spain, 2004.
completely, but by improving engine design such as[9] Sluder, R.M. Wagner, S.A. Lewis, J.M. Storey,

improving the design of engine fuel systems and Exhaust Chemistry of Low-NOX,

improving the design of the injectors we can imgrtive
mixture formation causing to improve combustion

Low-PM Diesel
Combustion, SAE paper 2004-01-0114, 2004.
[10] loannis Gekas, Par Gabrielsson and Keld Jarans
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results.
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A POINT OF VIEW ABOUT CONNECTION BETWEEN NATIONAL S YSTEM
AND OPERATIVE COMMANDMENT FOR MARINE DEPOLLUTION

JION VLADUT, PANAITESCU FANEL-VIOREL,*TANASE CATALINA

L3Constanta County Inspectorate for Emergency SitnaRomania
“Constanta Maritime University, Romania

ABSTRACT

The present paper reffers to the Operative Commantifor Marine Depollution (OCMD), the national ptang,
coordination and ruling of the activities in casengarine pollution by hydrocarbons and other hadnsfubstances
structure, which is part of the national systeme TWCMD componence, its attribution as well as thafstne OCMD
members’s authorities, the training programme, $pecialized personnel, trained and certified in fied of
intervention, the specialized equpiment, as welaagtional intervention strategy are the factanstributing to the
efficient functioning of the national system ofiactagainst the marine pollution.

Key-Words:National System, Operative Commandment for Mariepdllution, marine pollution,operations, division,
atribution, responsabilities.

1. INTRODUCTION The Black Sea is an important waterway linking the
coastal regions with the Mediterranean sea, anctlblye
1.1 General the oceans.

The Black Sea is an enclosed sea, requiring greater
The Black Sea is a continental sea located betweerattention in terms of protection against pollution.
south-eastern Europe and Asia Minor, which bathes t Pollution by oil products and their spread is
shores of Romania on a length of 245 km., as well a recognized as one of the major threats to the marin
Ukraine, Russian Federation, Georgia, Turkey andenvironment of the Black Sea.
Bulgaria. Through the Bosphorus-Dardanelles straits Risk associated with heavy traffic requires
system, it communicates with the Mediterranean Sea,coordination of all resources in case of national o
and through the Kerch Strait it communicates wite t regional emergency.
Sea of Azov - which is actually an annex to thecRBla So it is noted that the Black Sea should be managed
Sea (Figure 1). through close cooperation between riparian counfoe
protection against pollution.

1.2. Legislation

As a coastal state with responsibilities for thietsa
of navigation, pollution and efficient interventioim
crisis situations in the area of jurisdiction, Raonea
ratified the Convention on the Protection of thexd¥
Sea Against Pollution, signed in Bucharest on Apti
1992 by the Black Sea countries (Romania, Bulgaria,
Georgia, Turkey, Russian Federation and Ukraine) by
nr.98/1992 Law.

On this basis has been drawn the Regional
Contingency Plan to the Black Sea approved by the
Commission of protection of the Black Sea against
pollution from 21.11.2006 and signed by Romanidten
same date.

By Law no. 6/1993, Romania joined the 1973
International Convention for the Prevention of Btin
from Ships modified by the Protocol of 1978 MARPOL

3/78.

Also by Law no. 160/2000 regarding the approval of
Government Ordinance nr.14/2000 Romania accede to
the International Convention on preparedness, reso
and cooperation in the case of oil pollution, addpin
London on 30 November 1990.

Figure 1 Black Sea boundaries [1]

The Black Sea covers an area of 423,488 km?, that
is almost twice as large as the whole Romania.

Romania has four seaports: Constanta South, Nortl
Constanta, Mangalia and Midia.

Maritime traffic average is 44 million tons.

Length landscaped tourist beaches is 35 km.

Area Maritime Romania has about 20,000 *km
consisting of: inland marine waters, 753 %rerritorial
sea, 4,487 MR contiguous, 4,460 MM exclusive
economic zone, 10,300 Km

85



Constanta Maritime University Annals Year XV, Vol.21

Its applicability materialized in Romanian - Transports, through the Romanian Naval
legislation by adopting two normative acts that eyov Authority
the marine pollution activities, namely: - for the safety of navigations, in accordance with
1. Government Decision no. 893/2006, amending the prevention and control of ship pollution
Government Decision nr.1593/2002, approving rules , the Ministry of Transports, through the
the National Plan of preparedness, response and Romanian Naval Authority
cooperation  in marine  pollution by - for the conduction of the intervention of its own
hydrocarbons; forces, the Ministry of National Defense,
2. Common Order of the Ministry of Environment thorough the Major State of the Naval Forces.
and Water, Ministry of Transport, Constructions Also in this national system have been designased a

and Tourism, Ministry of Interior nr.1/217/182 national operational contact points, defined as RQOC
for approval of Regulation for the organization responsible with the recieving and transmiting répo
and functioning of the Operative Commandment regarding the marine pollution by hydrocarbons and

for Marine Depollution (OCMD). other harmful substances:
Romanian Naval Authority, defined as ANR,
2.  THE NATIONAL SYSTEM OF ACTION for ship pollutions;
AGAINST THE MARINE POLLUTION - National Administrations ,Romanian Water” —
.Dobrogea Litoral’River Basin Administration
In order to apply art. 6&'s precaution from The for coastal pollutions events.
International Convention regarding the preparation, Responsible for applying The National Intervention

response and cooperation in case of hydrocarbond’lan in case of marine pollution by hydrocarbond an
pollution, adopted in London on the 30th of Novembe other harmful substances will be the Constanta Goun
1990, which Romania joined through the Government's Inspectorate for Emergency Situation, which asstires
ordonance number 14/2000, a national system ofracti Permanent Secretary of the Operative Commandment fo
against the marine pollution has been established Marine Depollution.

hereinafter the national system. Coordonation at national level of activities rethte
to applying the intervention at the Black Sea pian
2.1 Functioning of national system made by the Ministry of Internal Business, in co-

operation with the Ministry of Transports, The Mitny
The efficient functioning of the national system of ©Of Environment and Climat Changes and the Minisfry
action against the marine pollution is based on theNational Defense, who all have responsibilities
existence of four major components: 1) a national fegarding the coordination of the preparation, co-
structure for planning, coordination and manage@nt ~ Operation and response actions, through thegcialities
specialised personnel instructed and attested inand the subordinate units designated in the plan.
intervention; 3) the specialized equipment, reballith
a h|gh level of Competence in requirements of the 2.3 Operative Commandment for Marine Depollution
polluted area; 4) a national contingency plan,ratsgy
for action. Following the adoption of H.G., no 893/2006, was
Present paper refers to the national structure forfounded the Operative commandment for marine
planning, coordination and management of activities ~ depollution, planning, coordinating and ruling of

marine pollution by oil and other harmful substance activities in case of marine hydrocarbons pollutad
other harmful substances organ.

For coordonation of the intervention and timely

transmission of the statements in the event of enma

ydrocarbons pollution for the responsibility areé

onstanta county, the Permanent Secretariat of OCMD
of the Emergency Inspectorate “Dobrogea” has been
established, and for the responsibility area ofc&ala
response cell of the Emergency Inspectorate “Dedfa”
Tulcea county has been established.

2.2 The organization of the national system

The national system represents the ensemble of al
the preparations, response and cooperation measures
case of hydrocarbons pollution and other harmful
substances.

Within this national system have been designated
national responsible authorities:

- in order to coordinate activities related to the

functioning of the national system, the Ministry
of Environment and Water Climate Changes, by

its speciality, as national contact point with the The organizing and functioning regulation of

international authorities in the domain. OCMD was approved through the Common order of the

i fgr ol\r/lgapising fthle inter\I/eBntio_n actiorrlls: onhlarr]]d, ministers, no 1/217/182 from the 1st of April 2004.
the Ministry of Internal Business, through the The Operative Commandment for Marine

(E]enera! !nspectorat_e for Iim(:;ggnmes],c while for Depollution (OCMD) represents the planning and
the maritime operations, the Ministry o coordination of the response in case of marine

2.3.1 Organizing Operative Commandment for Marine
Depollution
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hydrocarbons pollutions organ and is subordinated t Direction; Constanta and Tulcea Counties prefesture
Constanta county’s prefect, as general coordinator.municipalities; Regional Meteorological Centre;
OCMD is made from designated representants of theNational Institute of Research and Marine Developime

following institutions: Ministry of Environment and
Climate changesMinistry of Transports, Constructions
and Tourism; Ministry of internal business; Minjsiof
National DefenceConstanta County Council; Ministry
of Health; National Sanitary Veterinary and Safefy
Viands Authority.

"Grigore  Antipa" Constanta; decontamination
specialized companies; other economical agents;

Organization and functioning scheme OCMD is
shown in the Figure 2.

2.4. Duties and responsibilities

OCMD’s subordinates, in case of response, are the2.4.1 Duties OCMD

following structuresMarine operations divisionywhich
are intervention forces who act on the sea, amdridy
the Romanian Naval Authority representant,

coordinator of marine operations of OCMDgrrain

as

OCMD performs the following main tasks:
During routine: elaborates and updates
organization and functioning regulation; elaboratek

the

operations divisionwhich are intervention forces who scenarios; coordinates the preparation of the maltio
act on land and is run by the head of the Constantasystem; creates a data base including maps ofiske r
County Inspectorate for Emergency Situation, as co-zones, sensitive zones and areas which need to be

ordinator of terrain operations.
2.3.2 Composition MOD and TOD

Marine operations division is composed by:
Romanian Naval Authority; Romanian Agency for
Saving the Human Life on the Sea; National Naval
Radiocommunication company "Radionav"-
Constanta;Coastal Guard Constanta; Naval ForcesrMaj
State; C.S. OMV Petrom SA E&P Production Zone X
Petromar; Clinical Hospital Railways Constanta;
Constanta County Public Health Direction; Basinal
Water Administration "Dobrogea Litoral"; C.S. "Oil

Terminal’- A.S. Constanta; National Company
"Administraia  Canalelor Navigabile"-S.A.; non-
governmental organisations, volunteers; The

Administration of the Biosphere's Reservation "Belt
Dun rii"; National Institute of Research and Marine
Development "Grigore Antipa" Constanta; C.S.
"Rompetrol Rafinare"-S.A.; Environmental Protection
Agencies from Constanta and Tulcea; National

protected, statistic information regarding marinerents
and hidrometeorological parameters and copies a#llo
action plans; identifies, elaborates and updatedish of
intervention forces with response and communication
equipment which belong to the units that are pathe
national system; participates with forces and meafns
intervention at the request of other states, inecak
marine hydrocarbons pollution and other harmful
substances, within regional co-operation; elabsréte
endowment framework necessary for proper functignin
establishes international cooperation projectsydrap
the regular exercises schedule; identifies and s
regular training courses of the national systemtsuni
personnel; ensures the development of meteorologica
guides of precaution and response; ensures the
development the regulation of organization and
functioning of the Consultative Committee for Magin
Depollution.

During intervention: evaluates the effects of the
major marine hydrocarbons pollutions and other liarm

substances incident; elaborates and updates the

Environment Guard- Constanta and Tulcea Countiesintervention decision, the decision flow chart athe

Commissariats; C.S. Regional Air Services S.R.L.;
Maritime Tow Company "Coremar". A.S.; other
commercial societies, including naval sites.

The terrain operations division has the following
components: Constanta County Inspectorate

actions when receiving a report regarding marine
hydrocarbons pollutions and other harmful substsnce
coordinates the response; ensures the informateme|

communications flow; proposes for international

for participations; it's responsible with the making tbé

Emergency Situation; Tulcea County Inspectorate for documents necessary for recovering damages from the
Emergency Situation; Basinal Water Administration polluter which produced the marine hydrocarbons
"Dobrogea Litoral"; Naval Territorial Authority pollution and other harmful substances in the @dast
Constanta/Tulcea and dock captains;Constanta andone; ensures the notification of the authoritifs o
Tulcea county councils; Environment Protection neighbour states, in case of major marine pollutign
Agencies from Constanta and Tulcea; National hydrocarbons and other harmful substances, witistra
Environment Guard- Constanta and Tulcea Countyboundary character; establishes the necessary iatater
Commissariats; Naval Forces Major State; National and financial resources for applying the presean @ind
Company "Administratia Porturilor Maritime  their use; ensures the informing of internationad a
Constanta"-S.A.; C.S. "Oil Terminal"-A.S. Constgnta national authorities, and the informing of the paibl

Coastal Guard Constanta; Constanta and Tulcea Zount

Police Inspectorates; Constanta and Tulcea County2.4.2 Duties of the general coordinator

Gendarmes Inspectorates; non-governmental
organisations; Romanian Agency for Saving the Human
Life on the Sea; Constanta County Public Health

The main responsibilities of the general coordinato
consist of managing the operations in case of major
marine pollution (tier 3), managing the problemated
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to fighting hydrocarbons discharge, organizing the operation in case of marine pollution by hydrocaido
intervention and the demanding, through the Migist plan, the Constanta county's prefect and the units
External Business, in the name of the Romaniae,stdt  nominated in the plan, at the request of OCMD, bitne
assistance from and to other states, on the strerighe of speciality indications offered by the Consultati
proposal submitted by OCMD Committee for Marine Depollution, constituted as a
Through H.G. no 893/2006, for modifying the consultative organ with non-permanent activity, nfro
Governmental Decision no. 1593/2002, regarding thenominated specialists from the ministries, insids,
approving of the National preparation, responsecmd economic operators, agencies, research institutes a
other units of competence in the field.

Figure 2 Organization and functioning scheme OCMD

2.4.3 MOD'’s and TOD’s responsibilities for additional equipment and proposals for imprgvin
the training programmes and the local intervengitams;
The main responsibilities of the coordinators @& th
divisions for marine and, respectively, terrestrial Within the Operative Commandment for Marine
operations are: assuring coordination betweendhee$ Depollution, Constanta County Inspectorate for
designated for intervention specific to those two Emergency Situation, in its capacity of coordinaaod
divisions in the area of responsibility of eachswasg head of terrestrial operations, has the followingirm
the periodic transmission of reports and informaio attributes: ensures the Permanent Secretariat 6iMC
regarding the situation to OCMD; decide the marofer coordinates and follows the implementation of the
using the material base and the intervention forces decisions of OCMD; ensures the solving of current
coordinating all the operative activities regarditige problems of OCMD and the functioning of decisional-
intervention; liaises with the national operativentact informational flow with the other institutions irhe
points; prepare the final report regarding the whol response actions; creates and manages the data base
operation, including recommendations for modifythg necessary for prevention, limiting and removal loé t
operational procedures, possible revisions, feddbac effects generated by marine pollution by hydrocagho
regarding the performance of the equipment, sugest  and other harmful substances; coordinates the
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elaboration of organizing and functioning regulaticof
OCMD and the Consultative Committee for marine
depollution and presents them for approval to the
prefect; ensures the planning of simulation exescnd
leads the training activities on ground directly.

2.4.4 Tasks of the Permanent Secretariat

The main tasks of the Permanent secretariat of the
Operative Commandment for Marine Depollution,
ensured by the Emergency Inspectorate "Dobrogea" of
Constanta county are:

- alarming the component forces within the plan
(according to the scheme informational flow -
marine remediation decision-Romanian seaside
shown below);
elaborating summaries and reports for the
general coordinator;
providing means of communication between

the forces taking part in the interventipns

89

coordinating the intervention within the two
divisions.

Together with the national operative contact points
(NOCP M and T), the Permanent secretariat of OCMD:

obtains information regarding the features of
the polluting material;

forecasts the movement of the discharged
polluting material,

determines which zones should be prioritarily
protected,;

selects the techniques which are to be used
during the operations;

guantifies the damage done due to pollution by
hydrocarbons, for obtaining compensations
from romanian authorities;

inventories the equipment and its means of
transport.
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FLOW INFORMATIONAL - DECISIONAL OF MARINE DEPOLLUTON ROMANIAN SEASIDE
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Figure 3 Flow informational-decision
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2.5 OCMD's activity

OCMD's activity during routine takes place under a
action plan and planning of training activity apped by
the general coordinator, prepared in accordande thvé
provisions methodology for implementation of the
National Plan (Decision no. 893/2006).

OCMD's activity follows the applying of OPRC

Convention's provisions on the Romanian seaside,

3. MARINE POLLUTION INCIDENTS
Pollution off the north pier that arose followinget
cracking of the fuel tank of shipwreck PARIS,
submerged in january 1995, asessed as a minotipallu
with a tendency of becoming a medium pollution, is
considered one of the most significant pollutiontsiol
took place in the last 10 (ten) years in Constamtack.
Pollution danger is represented by the existent fue

territorial sea and in Romania's exclusive economicin the fuel tanks of ships PARIS (under Malta pawi-

zone.

The action plan provided for routine activities lsuc
as: update databases; updating the laws and riegngat
of operation; update maps of the areas of enviroahe
sensitivity and vulnerability index; the conclusiaf
cooperation agreements; establishing
organization of conferences, seminars, congresses.

The main project started by the Operative
Commandment for Marine Depollution Action Plan by
2013 and which will continue this year, is updating
no.1/217/182 Order of 01.04.2004 for approval of th
organization and functioning of the OCMD.

The training activity of the personnel within the
Operative Commandment for Marine Depollution
consists of periodic organization of forming cowrse
and/or common exercises.

A good coordinated simulation programme exercise of

includes different grades of interaction and comipje
activities:

- the quarterly type communication exercises
BRAVO testing the viability means connecting
and testing procedures for alerting set;

- "Table-top" exercises(for retaining knowledge)
of ALPHA type;

- Intervention crew exercises of type CHARLIE
aim testing the co-operation between the
intervention units within the Maritime and
Terrestrial Operations Divisions, both in terms
of equipment and of communication.

- Maganement exercises
incident(operational) of type DELTA, are

organized aiming to test the alarm procedures,

the intervention capacity, to measure the time
elapsed by DOM and DOT units, to test and
train the MDOC structures and the co-operation
between the pollution fighting units.

procedures;

236 tones of naphtha and 11 tones of diesel and YOU
XIU (under HongKong pavilion)-437 tones of naphtha,
40 tones of oil and 17 tones of diesel, sumbergetthé
evening of 04.01.1995, due to the failure of thetmo
dam of Constanta's dock.

Pollution is notified by the Romanian Naval
Authority on 04.10.2009, iridescences stretch on a
distance of cca 10 km.

The measures taken were: establishing
extraordinary session, of tasks for each institutigthin
OCMD; assessment of costs based on bids submigted b
specialized companies; looking for financial resegrto
cover the costs incurred by pollution; creation of
predictions on the evolution of oil spill; the imtery of
all equipment and tools available to state instng;
monitoring the emergency situation and limit thieets
pollution on an area as small; identifying
establishments for the installation of reservoirsriks
with the role of temporary storage of hydrocarbons
recovered; choosing the optimal solution with cost-
benefit ratio based on the best offers receivednfro
specialized companies (the cracks were sealed by
cementing divers belonging ARSVOM).

in

4. CONCLUSIONS

Romania has established, by appropriate legislation
a national action against marine pollution, whicé all
measures of preparedness, response and cooperation

in the case of ansuch situations.

This system is known and appreciated regionally
and internationally but unfortunately arouses titiel
interest in local and national authorities involved
emergency management.

5. ABBREVIATIONS

The last national exercise sea rescue and pollution

'SAR - POL "was held in 2012 according to the Co-
operation regarding unitary intervention plan, in a
emergency situation, for searching and saving thaan

OG - Government Ordinance
HG — Government Decision
MMGA — Ministry of Environment and Water

life on the coastal zone and on the sea, concludedMTCT — Ministry of Transport, Constructions are

between the Ministry of National Defence, Miniswf
Administration of Interior and the Ministry of Traports
and Infrastructure.

The purpose of the activities of preparation /
training is the organization of a prompt interventiand
rapid major oil spill which affects or may affettetthe
area of responsibility and to facilitate coopenatio the
preparation for and response to oil pollution.
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Tourism

MAI — Ministry of Interior

OCMD - Operative Commendment
Depollution

NOCP M — National Operativ Maritime Contact Point
NOCP T - National Operative Terrain Contact Points
MOD — Marine operations division

TOD - Terrain operations division

PS — Permanent Secretary of the OCMD

RNA — Romanian Naval Authority;
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ROTARY INTERNAL COMBUSTION ENGINES

'MUNTEANU ALEXANDRU-CATALIN, “BUZBUCHI NICOLAE
®STAN LIVIU-CONSTANTIN

123 onstanta Maritime University, Romania
ABSTRACT

This paper aims to make contributions to the sifdygne of the oldest aspirations of mankind, tHaiv@rcoming
its limitations of movement: moving faster and witlore load than what it is possible through mama power.

The study of internal combustion engines is a stathnsically linked to our knowledge of the ersfirment that
surrounds us, but especially about matter as arggmarrier, about combustion as a fundamentalge®of releasing
the energy contained in matter, and about mechiad@aces that can retrieve and convert to moventesmtenergy
released from combustion.

Nowadays in propulsion systems the research effoet€oncentrated on alternative fuels in classingines or on
methods not involving combustion at all (i.e. efieetl propulsion systems). The rotary engines og@piche segment
of research that has only seen mass productionutionetive application developed by the Mazda Compaith
Wankel-type Renesis engines.

This paper summarizes the research in Wankel esgind other ongoing efforts in the developmentovény
internal combustion engines with application indamaritime or air propulsion, giving some detadlsout their
performances, advantages and disadvantages wheraoeanto classical piston engines, things thatritirte to larger
topics like efficiency of power systems on-boardbiteplatforms.

Keywords: Rotary Engine, ICE, Wankel, Wave Disk Engine, TabkEngine, Tesla Turbines

1. INTRODUCTION cylinder. Because of the defining characteristicee-
dimensional appearance, the design of a rotarynengi
The need for simplicity and robustness stands mostbegins with the design of a two-dimensional transee
often in the design of internal combustion engines, section perpendicular to the axis of rotation oé th
inverse proportion to the need for efficiency. Tfast engine.
combined with the discovery of stoichiometric midsi
and thermodynamic cycles led to the current
configurations of the four and two strokes piston
engines.
Although of some complexity, classic internal
combustion engines are built using simple prinGleat
increase the efficiency of the combustion procegs b
maintaining the working fluid parameters at optiraat
predictable values while in the same time obeyimg t
laws of thermodynamics cycles.
The detailed design of the components of an
internal combustion engine is driven by the need fo
motion uniformity, balancing the forces and moments
resulted from movement and selection of component’s
materials in such ways as to reduce energy lossés a
increase the efficiency of operation at variousdoar
speeds.
The rotary engine is an engine without reciprogatin
internal pistons as they are used in the traditiorays,
but it involves one or more rotors performing tleenge
basic functions. Their history is closely linked tioe
development starting in the eighteenth centurytefrs
engines and hydraulic pumps, but the stage of pateh
prototype has been overcome only by a few modeis th
will be worth mentioning in this paper.
The geometry of rotary engines varies considerably
due to their dependence of the constructive salatio
chosen by inventors, but most of their shapes a@an b

described as cylindrical with top and bottom ends Figure 1 Various rotary engines concepts [18]
parallel and perpendicular to the main axis of the
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2. THE WANKEL ENGINE - far fewer parts than a piston engine;
- cheaper to mass-produce because it contains fewer
The rotary engine designed by Felix Wankel parts;
starting in 1929 is the best known and most deweslop - the filling of the combustion chamber is made2@0
rotary engine. The Wankel engine has been licenseddegrees of the main shaft compared to 180 degreas i
between 1958 and 1973 to a total of 26 world classpiston engine;
manufacturers, especially in the U.S., Japan and- it produces torque for about two-thirds of the
Germany, but was best adopted and refined by thecombustion cycle, compared to a quarter in a piston
Mazda Company with the latest Renesis engine engine;
equipping vehicles series RX-7, RX-8 and RX-8 -the wide range of speeds provides greater adiiptab
Hydrogen. Versions of this engine have even been- it can use various octane fuels;
converted for marine propulsion by companies such a - does not suffer from the "scale effect" in limdi its
Atkins Rotary Marine. size;
- has about a third the size of a piston engine of
equivalent power;
- the crankcase oil remains uncontaminated by the
combustion process and thus it requires no oil gean
- the main crankshaft oil is completely sealed frima
combustion process.
The classical approach of designing the geometry of
a Wankel rotary engine involves generating the rinne
case using a trochoid curve followed by the desigie
Figure 2 Wankel engine functioning cycle [19] inner rotor using an equilateral triangle that stay
permanent contact at its tips with the case shell.
Throughout its development the Wankel engine has The trochoid is a curve described by the following

faced a number of problems: equations in a Cartesiary planar system:

- the rotor sealing was poor due to large tempegatu

differences between sections of the combustion bleam x = ecos(3a) + Rcos(a) (1)

- the combustion process was slow and bulky dubeo

combustion chamber being in motion, causing a thin y = esin(3a) + Rsin(e) (2)
stream and preventing the flame in the combustion

chamber in reaching the outer rims; In the mathematical expressions abowés called

- high fuel consumption at frequent changes of RPM, the rotor eccentricityR is the absolute length of the apex
and high emissions of pollutants; position vector, and is the angle vector position of the
- low torque due to the high rate of repetitiorthed Otto apex.

cycle; The constant of the trochold is the ratio between

the generating radiu® and the eccentricitg which can
provide a typical index for a trochoid to indicaits
geometric con guration.

Figure 3 Renesis engine main components [20]

Although these deficiencies have been partially or
totally overcome, the Wankel engine has a number of
advantages over the classic piston configuratidva t
can tip the balance in applications where volumd an
weight are very important on the overall performané
the vehicle and when the prevailing parametershef t
design are the manufacturing and operating cost.

Some of the advantages of the Wankel engine [2]
are:

- higher power to weight ratio than a piston engine
- there are no reciprocating moving parts; Figure 4 Various trochoid configurations [17]
- it is running with almost no vibration;
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The envelope of a peritrochoid is a pattern drawn b
the peritrochoid xed on a circle when it rolls alp the
inner surface of a stationary circle as inscrib&tie
inner line of this pattern is called the inner dope.

The inner envelope of the trochoid is a basic curve
forming the contour of the rotor. As shown in Figut
its three apexes are always
peritrochoid.

where:
F,: area enclosed by the peritrochoid and li0é%

andOP,

F,: area of OP,O’
F5: area of OP,O’
F,. area enclosed b®'P,P, (1/3 of the rotor side

in contact with the area)

The coordinategx, y) of any pointP betweenP;

Therefore, the equation of the envelope can beandP, on the trochoid are:

expressed, as:
2

3
X = Rcos2v+ i(Cos 8v — cos4v)
2R

+e(l — = sin? 3v)1/2(cos Sv+cosv) (3)
. 3¢ .
Y =Rsin2v+ ﬁ(sm 8v + sin4v)
9 2
+e(l - % sin? 30 X(sin5v —sinv)  B)

These functions are cyclic functions with the pério
of 2 . The inner envelope correspondstearying in the
intervals /6~ /2,5 /6~7 /6,3 /2~ 11 /6.

Figure 5 Wankel engine rotor design [17]

The change in the volume of the working chamber

is one of the fundamental requirements for theryota
engine to be regarded as an internal combustioimeng

The volume of the working chamber of the rotary
engine is de ned as the product of the area (sid@)a
enclosed by a side of the rotor contour and therinn
surface of the peritrochoid, and the width of tlegor
housing.

Figure 6 Wankel engine working chamber [17]

The side are& of the working chamber shown in
Figure 6 is expressed as:

F=F -Fy-F3-F4

(4)

95

%
x=eCOS(01+9)+RCOS(a+ ) (5)
. . oa+0
y = esin(@ + 6) + R sin( ) (6)
From th|s
271'
dy
= —y=—)do
(x de y )
7
= (e? +—)n - \/—Rsm( a+ ) ()
From the formula of the triangle area,
1 2
Fy = EER sin 3¢ (8)
2
F3 = eRsin(Za + 5) (10)
3 3
- g(RZ +26%) — 2¢R ¢S Prax
2
_(§R2 + 492)§0max (11)
The side area of the working chamber is:
F= z62 + eR{2 cos -— sin(%cy + z)}
= Pmax 3 3 6
(12)

2
+(§R2 + 462)‘Pmax

where . is the maximum angle of oscillation given by

, the value of which can be obtained by applying th

conditiond /d =0, meaning ma=arcsin(3/K).

With the width of the rotor housing taken asthe

volume of the working chamber is expressed, as:

3V3 2
V=b-F=Vy,+ —\/_eRb{l —sin(Za + 2y 9)
3 3 6
where
)
Viin = {ge + 2eR oS Ymax
2 3V3
R + 4D - T\/_eR}b (10)

This indicates that the volume of the working
chamber of the rotary engine changes in sine curve.

On the other hand, the volumetric change of the
reciprocating engine is expressed, as:

1
V=Vuin+v-s{(l -sina) + ﬁ(l +cos2a)}  (15)
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Where is theradius of cranks is the area of
cylinder, is the angle of rotation of crank, ands the
radius of crank.

The volumetric change of the working chamber of
the rotary engine corresponds to that of the recauing
engine taken as . Also, the period of the volumetric
change is 1.5 times that of the reciprocating emgin
showing a smoother change.

The stroke volume is given by the difference
between the maximum and minimum values of the
volume of the working chamber.

The stroke volum¥/ is:

Vi = 3V3eRb (11)
With the major and minor axes of the peritrochoid

taken asA and B, respectively, the following relations
will be established:

A=2(R+e);B=2(R-¢) (12)
Using these relations, also
3
Vi = ((A2 BHb (13)

It is impossible for the rotary engine due to its
mechanism to obtain a higher compression ratio than
theoretical compression ratio that is expressedhay
ratio of the maximum to minimum values of the volum
of the working chamber as obtained above.

This is one of the major problems in designing a
diesel rotary engine.

The theoretical compression ratigis given by:

‘/31121X

€h =
Vinin

2eR cos Pmax + (9R2 + 4¢%)Pmax + 36 + 3\/—

2¢R 08 Pmax + (FR? + 46X pmax + Fe? — g/—eR

(14)
2K ¢0S ¢max + (%K+ Hpmax + 3K + %K
2R c0S Pmax + (3K + Dpmax + 2K - 32_\/§

As it can be clearly seen from the above calcutatio
the theoretical compression ratig is determined only
by the trochoid constari{. This indicates that, as the
trochoid constant increases, the theoretical cossioa
ratio also increases. If the trochoid constantaiken
betweenK=6~10, the theoretical compression ratio will
becomel5~25

The compression ratio of the real rotary engine is
inferior to than the theoretical compression razause
of the effects of the parallel movements of the
peritrochoid and its internal envelope, the volush¢he
recess for the combustion chamber present in ttog ro
surface, the volume of the ignition plug opening, e

Taking the theoretical minimum volume of the
working chamber and the stroke volume \&sg,, and
V'y, respectively, when the parallel movement
considered, and the sum of the volume of the cotidius
chamber recess, and the volume of the spark pllgyisio

is
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V,, the compression ratio of the actual rotary engine
can be obtained by:

V’ +V,.+V;
_ min H
V/ +Vr (15)
min
3. ROTAY ENGINES RESEARCH TRENDS
In recent times rotary engines research s

undergoing some steady growth. In this chapterrothe
types of rotary machines/engines are presentextagst
worth mentioning due to their increasing populastyd
available research funding.

3.1 Wave Disk Engines

The first engine to be presented in this chaptérds
Wave Disk Engine which is a non-steady ow device
that employs shock waves in order to increase the
pressure of uids by transferring energy from ahhig
pressure ow to a low-pressure ow inside some parr
channels.

Figure 7 Wave Disk Engine [15]

Inside the gas powered wave disc engine the wave
rotor uses high-temperature, high-pressure exhgast
from a combustion chamber to create a shock waate th
compresses the low-temperature, lower-pressure air
received from an external compressor. This resulen
boost in both temperature and pressure of the air
incoming to the combustion chamber; permitting dor
higher overall pressure ratio for the complete eyor a
xed turbine inlet temperature. This kind of a pae
exchange wave rotor efficiently merges a steadigsta
turbo mechanism with unsteady, compressible gas ow
principles, to accomplish superior cycle efficiexi

Each port of the wave rotor assemblage is designed
to expose the channels to running uids at a speci
shaft angle and for a speci ¢ amount of time. Shaok
expansion waves are started within the channels by
pressure differences; because of the port openmly a
closing. Since the channels are opened to both high
temperature and low temperature gases; the wageisot
obviously self-cooled. Furthermore, because ofpte
expansion of the burned gases of the wave rota; th
combustor can function at superior temperaturel nait

raising of the turbine inlet temperature. This is
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particularly beneficial in applications where the
temperature is restricted by material limitations.

Additionally the wave disc engine employs a
combustion engine cycle inclusive of compression;
combustion, expansion with extraction of positiverky
followed by heat elimination to ambience, using the
slim, radially set and bent channels. Compressiorkw
is usually provided through work produced throughou
expansion. Furthermore, the usage of shock waas th
travel with sonic speed decreases inertia of thiel thnd
ensures a rapid reaction. With the expansion aicson
speed directly after combustion; the resonance tine
high temperature is very small; which usefully tesin
very low NQ, emissions. In addition; the significant heat ] ] ) ]
transfer time and areas are exceptionally minute; Figure 9 Toroidal engine 3D view [1]
consequently severely reducing heat losses.

3.3 Tesla turbines
3.2 Swing Piston Engines
The Tesla disc turbine is a kind of turbo-machinery

Another type of rotary engine currently undergoing in which the rotor is constructed by a series chgial,
research and prototyping is the Swing Piston Engineparallel flat discs rather than blades. This blas®l
(also known as Oscillating or Toroidal engine). turbine was invented by the famous scientist Nikola

Tesla.

Figure 8 Toroidal engine section [21]

This rotary engine consists of a number of
connected units. Each unit consists of a rightuténc

cylinder (with appropriate ignition, intake and exist Figure 10 Tesla turbine fluid path [4]

ports), partitioned by a pair of vanes (rotary s into

four compact sectors. The vanes rotate on independe The discs are arranged such that a small gap is
concentric shafts aligned along the axis of thendgr. maintained between any two successive discs, and th

are attached to a central shaft. The combinatiodisifs

Each vane occupies an angular sector of the crossand shaft is placed inside a cylindrical casinghwat
section of the cylinder. Each shaft is connectedato small radial and axial clearance.
flywheel via a gear mechanism. The geometry of the One or more nozzles are used to guide the working
gear mechanism that links the torque produced i ea fluid to enter nearly tangentially from the periphef
unit to the fly-wheel is largely responsible foethature  the discs. There are exit ports near the shafteaténter
of its vibrational torque characteristics induceg the of each disc. As the fluid passes through the magaps
impulsive torques from the combustion cycles. The between the discs, it approaches in a spiral patha(ly,
structure of the cross-section across a single astign but there are new findings regarding complex ndrasp
unit is shown schematically. relative path-lines).

One of the theoretical benefits of the design is a The working fluid travels from the inlet up to the
dramatic increase in power-to-weight ratio compaied central exit due the difference of pressure betwiben
a conventional reciprocating piston engine. The periphery and the central exit, and the compondnt o

Rotoblock engine fires 16 times on one revolutibthe inward radial velocity. The radial velocity gradiyal
crankshaft, compared to a V-8s four times per increases towards the central exit due to the @giladu
crankshaft revolution, for example. decrease of flow area. On the other hand, front iiole

exit, the tangential velocity may increase or deseg
depending on the local balance of various companeit
forces.
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REGRESSION AND ANOVA FOR A SET OF DATA

NUTU CATALIN SILVIU
Constanta Maritime University, Romania
ABSTRACT

The paper concerns utilization of linear regressaod ANOVA for a set of data. The set of data rdgahe
nonconformant housings of electric motors for défg diameters of housings. Using the linear regjoestheory one
can assess if there is a relationship betweerygestof defects. On the other hand, using anabfsiariance for the set
of data one can draw the conclusion regardingabethat the defects have the same mean or not.

Keywords: Housing of electric motor, linear regression, argdyof variance (ANOVA), non-conformity, defect

1. INTRODUCTION First assumption to be tested is that between the
data in the table, there is a linear relationshga is to

In the past it was a clear distinction between say that the nonconformant housings (defects) are
regression, analysis of variance (ANOVA) and arialys related. This fact has the meaning that there is a
of covariance (ANCOVA). So, the statistic textbooks systematic error in the production process or tleams
spoke of them as they were different entities dexig  of production used are not reliable any more, gsult
for different types of problems. Nowadays all three being in errors in products (defects).
procedures are regarded as being subsumed undér wha  If the first assumption fails, the second assunmptio
is called the general linear model (GLM). to be tested is that the defects come from the same

Modern statistical software still contains separate population and the assumption of equal means Iseto
procedures for regression and analysis of variancechecked using the analysis of variance (ANOVA).
(ANOVA). These differences should be seen in teofns
convenience in use of one procedure compared to th2. THEORETICAL ASPECTS ON THE LINEAR
other, that is for certain types of data the problef REGRESSION AND ANOVA
fitting a general linear model can be solved more
convenient using an ANOVA procedure than a 2.1 Theoretical aspects on linear regression:
regression procedure.

Fitting a general linear model means to predict one Regression analysis allows one to make predictions
or more dependent variables as a linear combinatfon about the numerical dependent variable based orobne
independent variables. The dependent variableslace = more numerical independent variables.
called response variables, while the independent There are two possible outcomes: if such a relation
variables are called predictor or explanatory \ades is found, it is consistent with the hypothesis ofaasal
and the coefficients of the linear combination ea#ied influence between the dependent and independent
weights or partial regression coefficients. variables, if instead no relation is found then thsult

Regarding the notation the dependent variables aresuggests that there is no causal influence between
denoted with y, the independent variables are @éehot dependent and independent variables. However, tim bo
with x. The weights or coefficients are denotedhwit cases the presence or the absence of the causehicd
where i is the corresponding independent variable. is not proved.

The two other features of the linear model are the In the regression analysis one has to check whether
intercept and the prediction error. The intercept i there is a linear relationship between the outmd a
denoted by and represents a constant. The predictioninput, or between the dependent and independent
error, also called residual is the difference betwéhe variable or between the response and explanatory.
observation and the predicted value. The predictivor The regression model has the form:
is denoted by e, while the prediction (predicteti@gis
denoted by y”. v=F+fx+e 1)

The assumptions underlying the general linear
model are the following four: linearity, normaliof the where ; is called the regression coefficient or the slope
residuals, equality of residual variances and fixed of the line and e is the error term.
independent variables measured without error. The parameters, and ; need to be estimated and their

In our case the data to be analyzed are in the tabl estimations will be denoted ag &and i and hence the
comprising defect housings corresponding to foumma equation is
defects for different eight diameters of the hogsif
electric motors. In order to analyze the data weckh v = bg+ by x 2
two assumptions using the regression analysis hed t
analysis of variance.
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by and h are to be calculated by minimizing the sum of
square errors

SSEXT 2= (v, = v*))?

3)

Zi(yi— by —byx)?

Now, in order to test whether there is a linear
relationship between two vectors, one must partithe
total variation:

y, - mearfy) = (y” - mearfy))+(y, - v°) @

fori=1,2...n

By squaring the above relationship and summing from
i=1 to n it follows:

" (- mearfy)” = 7 (y° - mearfy)) +

n o\ )
+ i:l(Yi =Y )
or in an equivalent form:
55:‘9:‘1:;‘ = 553'533'555:’9?! Ly 553'55:’:’:;::;'5

Which tells us that the total variation can be
explained by the variation due to regression arel th
variation due to the fact that the observation dblie on
the regression line.

The alternatives to be tested in the case of linear
regression are following:

(Ho): =0 against (k): ; O

The calculated test statistic is

f

fMS

regression/t

M5

residuals

Where,

P
regression !

M5 =55 1

regression '

(1 being the degree of freedom for regression)

ME

M pesiduals = 55 / l:ﬂ - 2) )

residucls/
(n-2 being the degree of freedom for residuals, restre
is the number of observations)

The test statistic has Fisher’s F distribution with
respectively (n-2) degrees of freedom and depending
its value, one can conclude whether there is aafine
relationship between y and x, or not.

If the value of calculated f statistic is greatbart
the value of the quantile (inverse of CDF) at x€0tBe
null hypothesis must be rejected and the altereativ
hypothesis accepted.
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2.2 Theoretical aspects on ANOVA:

In the analysis of variance (ANOVA), the goal is to
check whether the groups have the same mean umsler t
assumption that the groups come from the same horma
population.

In order to achieve that goal the total sum of
squares is partitioned in the sum of squares betlee
groups and the sum of squares within the groups:

Thus:

5500 =55 + 55,

between groups rithin groups
Taking into account of degrees of freedom the mean
squares are calculated:

M5,

betwesn

= 55, eeen/ (K — 1)

between!
where k is the number of groups

M5, inin = SSuienin/ (n — k)
where n is total amount of data

The concept of degrees of freedom is summarized
by two points. First, the degree of freedom assedia
with a term equals the number of independent vahies
that term. Second, the degree of freedom is used as
correction factor for the sum of squares (SS) dasat
with that term. The sum of squares divided by the
degrees of freedom gives the value of the meanregua
(MS) and the MS is corrected in the sense thatnis a
average amount of variation for each of the esthat
independent parameters.

The f statistic is calculated as:

f

The f statistic is also known under the name of f
ratio or f observed.

M5, [MS,iehin

betweasmnl

By comparing the obtained f statistic with the \ealu
coming from Fisher’s F distribution with (k-1) affd-k)
degrees of freedom for a certain significance leved
can conclude about the rejecting or not-rejectifighe
null hypothesis (groups have the same mean).

If the value of f statistic is large, the null hypesis
can be rejected and concluded that there are rhare t
chance differences between the means of the groups
analysed.

How large must be the value of f statistic in ortter
reject the null hypothesis depends of the signiftea
level chosen in order to perform the test. One must
compare the value of the f observed with the vaiué
critical for a certain significance level. If f odawed is
greater than f critical the null hypothesis (meahshe
groups are equal) can be rejected in favour of the
alternative hypothesis (means of the groups are not
equal).
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3. PERFORMING THE ANALYSIS FOR THE
SET OF DATA

The following table summarizes the defect housings
of electric motors, taking into account the typedefect
and the diameter of the housing. The number ofatiefe
for each cell in the table corresponds to the sanmeber
of the housings of motors observed. Thus the eatlh ¢

Value of the 0.99 quantile for the Fisher's F
distribution with 1 and n-2=6 degrees of freedom is
13.745

Since 5.4416<13.745 the null hypothesis must not
be rejected. Therefore at 0.99 significance lekietd is
no linear relationship between y and x.

For the third check (of linear dependency between

number comes from a samples of same number ofDefect4 and Deffectl), following results are obéain

observed housings.

Table 1. Defects of four types, per diameter, for a
population of housings of electric motors

Diameter | Defectl | Defect2| Defect3| Defect4
112 151 153 145 156
132 157 156 147 152
160 149 147 154 158
180 167 163 157 149
200 145 147 146 160
225 163 150 160 153
250 164 161 162 157
315 150 155 155 163

The first assumption to be verified is that therfou
types of defects are somehow dependent, fact tat c
lead to the conclusion that a systematic erroriliethe
production process or the means of production ased
not reliable any more.

In order to check whether linear

there is

dependency between the types of defects, one checks

whether between each column vectors corresponading t
Defect2, Defect3 and Defect4 and column vector
corresponding to Deffectl exists such a relatigmshi

For the first check (of linear dependency between
Deffect2 and Deffectl), following results are oht:

Calculated regression line: y=x*0.54565+69.015

SS tot=250

SS reg=138.60

SSres=111.40

Correlation coefficient between y and x: corr(>y)
sqrt(SS reg/SS tot) = 0.74457

Value of calculated f statistic is f=7.4644

Value of the 0.99 quantile for the Fisher's F
distribution with 1 and n-2=6 degrees of freedom is
13.745

Since 7.4644<13.745 the null hypothesis must not
be rejected. Therefore at 0.99 significance lekietd is
no linear relationship between y and x.

For the second check (of linear dependency
between Defect3 and Defectl), following results are
obtained:

Calculated regression line: y=x*0.55317+67.094

SS tot=299.50

SSreg=142.44

SS res=157.06

Correlation coefficient between y and x:
corr(x,y)=sqrt(SS reg/SS tot)=0.68963

Value of calculated f statistic is f=5.4416
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Calculated regression line: y=x*(-0.41676)+220.91

SS tot=144

SS reg=80.851

SS res=63.149

Correlation coefficient between y and x:
corr(x,y)=sqrt(SS reg/SS tot)= -0.74931

Value of calculated f statistic is f=7.6819

Value of the 0.99 quantile for the Fisher's F
distribution with 1 and n-2=6 degrees of freedom is
13.745

Since 7.6819<13.745 the null hypothesis must not
be rejected. Therefore at 0.99 significance lekeld is
no linear relationship between y and x.

Performing analysis of variance for the data in the
table we obtain following results:

SS between groups=43 at 4-1=3 degrees of freedom

SS within groups=1159 at 32-4=28 degrees of
freedom
MS between groups=43/3=14.3333
MS within groups=1159/28=41.3929
The calculated value of the f statistic is f=0.3463
Since f is smaller than the value of the 0.99 qgieant
of Fisher's F distribution with 3 and 28 degrees of
freedom which is 4.5681, the null hypothesis musthe
rejected.

Therefore at a significance level of 0.99 the four
defects have the same mean.

4. CONCLUSIONS

Both tests used in this paper, as well the test for
regression and as well the test for equal means are
subsumed to the general linear model.

The similarities of both tests are obvious and they
regard on one hand the using of the F test anchen t
other hand the concept of partitioning the sum of
squares.

Although the F test is used to assess different
hypothesis the test is used in the same senseistiat
say the null hypothesis is rejected when the valué
statistic (f ratio or f observed) is greater thhe value of
the f critical corresponding to the Fisher’s F wlisition
with the corresponding degrees of freedom in batles.

The concept of partitioning is the main idea behind
the both — checking of regression and checkingqobé
means). The term partitioning is used with the rvean
of “breaking into components”. By breaking into
components the total sum of squares (SS tot) irbtiie
cases and using those components by dividing them b
the corresponding degrees of freedom the valuets of
statistic are obtained.



Constanta Maritime University Annals Year XV, Vol.21

Using the results of the analysis one can conclude6. REFERENCES
about the fact that there is no linear dependeptwyden
the defects at the significance level of 0.99. [1] KREYSZIG ERWIN, Statistische Methoden und
Performing of the ANOVA on the same set of data ihre Anwendungen, 7. Auflage, Vandenhoeck&Ruprecht
it results that the four types of defects are v@gbable [2] CHRISTIAN WALCK, Hand-book on Statistical

to come from groups with the same mean. Distributions for experimentalists, University of
Stockholm 2007
5. ACKNOWLEDGMENTS [3] MOHAMMED A. SHAYIB, Applied Statistics, 1

edition 2013, downloaded free from bookboon.com
I would like to express my deep gratitude to my [4] http://psych.colorado.edu/~carey/Courses/
Professor Mihai Octavian Popescu who is guiding me PSYC5741/handouts/GLM%20Theory.pdThe
permanently, for his support and encouragementgeneral linear model
throughout my study and preparation for the dodtora [5] http://www.fil.ion.ucl.ac.uk/spm/doc/books/hl3f2
thesis. My grateful thanks are also extended to mypdfs/Ch7.pdf, S.J. KIEBEL, A.P.HOLMESTFhe
Professor in Statistics, Constantin Tarcolea fer Help general linear model
when | was in difficulty with the work. | would l& to [6] http://www.stat.wisc.edu/~mchung/teaching/MIA/
express my deep gratitude to Professor Emil Oamta f reading/GLM.2004.pdf, THOMAS D. WICKENS,
his willingness to help me on every occasion, fog t Department of psychology, University of California
useful suggestions he gave me, for all the uséfu 1 Berkeley —The general linear model
had the honour to be in his company, time which has[7] JEFF MILLER, PATRICIA HADEN -Statistical
helped me and encouraged me to be better and @lso f Analysis with the general linear model, 2006
the help he offered to me regarding the knowledut a [8] http://stat511.cwick.co.nz/lectures/26-regressi
use of the Octave software, the main tool | usethen  anova.pdfAnova&Regression
calculations made. [9] http://mww.math.smith.edu/sasr/excerpt-3.pdf,
Linear regression and ANOVA
[10] http://lwww.public.iastate.edu/~dnett/S401/
wreganova.pdfAnalysis of variance (ANOVA) for
simple linear regression

104



Constanta Maritime University Annals Year XV, Vol.21

PLANNING OF A STRAIN GAGE EXPERIMENT FOR A LARGE CR ANE

'OANTA EMIL, 'RAICU ALEXANDRA, *AXINTE TIBERIU, “2DASCALESCUANCA-ELENA
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ABSTRACT

Complex experimental projects and hybrid modelsrigineering are long run research concerns ofutteoss, the
current subject being a subsequent result. Thergapsents the basic stages regarding the plamfiag experimental
mechanics project required by a private company. gdal of the experimental project is to measueesthains in a set
of points located on a rail mounted quay crane |dbation of the points being chosen by the custornenpany. The
paper presents the ideas employed to analyze thardkof the customer company vs. the real conditéord practical
capabilities. The analysis takes into account weriaspects: scientific, technical, economical agall in the planning
of an experimental mechanics projects being redurspecial kind of know-how based on an extenskygerience and
on an overview level in several fields. The maimgsts are: initial analysis, on-site documentatibarough analysis
taking into account various aspects, results amdlosions to be included in the planning of theazikpent.

Keywords: plan of the experiment, strain gage technologyximam data relevancy, minimum costs.

1. INTRODUCTION the direction on which the strain gages must be
installed and the point where three gages rosettes
must be bonded.

Figure 1 presents the structure to be experimgntall
studied. The crane is supported on four legs fittétth

rail wheels. The slewing platform is supported darge

hollow tower and it is fitted with: the engine heus

operator's cabin, latticed boom and the mast. The

manufacturing company has an extensive experiamce i

manufacturing  complex mechanical equipment,

including large cranes.

Some of the requests of the customer are:

the time dedicated to the experiment should be as

short as possible;

the structure should be experimentally weighted;

the results must be accurate;

For complex projects we can consider Dwight D. the cost of the experiment should be minimal.

Eisenhower’s assertion “In preparing for battle avé From the beginning we have presented to the

always found that plans are useless, but planning i customer company a list of other universities imfaaia

One of Benjamin Franklin’s ideas was: “If you falil
to plan, you are planning to fail!”. Planning isbasic
component of all the successful projects, beingrare
important for experimental projects.

Planning includes the following components:

verification is the problem is properly formulated;

analysis of the problem, resources and constraints;
material resources: available equipment,
consumables and backup;

human resources;

time resources;

various other constraints;

aspects regarding the safeness of the field -

experiment. '

indispensable.”. It means that beside the high etkegf
uncertainty of any project, a thorough planningodfthe
background for an effective decision making process
Project management offers the grounds for the
planning of any project, but we’ll present our aygmh
in terms of engineering, especially experimental
mechanics aspects. The first stage to be compistie
analysis of the problem to be solved.

2. PROBLEM TO BE SOLVED

Generally, the approach of some customer

companies who order experimental studies, companiedgegarding

with no technical culture regarding the experimgergs
results must be accurate, costless and the deadline
yesterday. In this case, the designer of the custom
company had a professional approach and offeratleus
plan of the structure together with:

the locations of the point where the strain

transducers must be installed;

the stresses resulted from theoretical studies;

the load cases considered for the theoretical esudi
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who own data acquisition equipment compatible i
research topic. In this way the customer company ca
properly choose the best solution in terms of fgsifmal
approach and financial quotation of the experimenta
research services which might be provided by uskand
other parties.

3. ON-SITE DOCUMENTATION STAGE

The on-site documentation explores the possibility
to accept the proposal of the manufacturing company

The first stage was to evaluate our capabilities
the resources: expertise, equipment,
consumables, availability of the resources we db no
have yet.

The next stage was to prepare the visit to the
shipyard where the crane is an ongoing installation
process. In order to have accurate information atwa
problem to be solved there were conceived a list of
questions, a list of locations to be photographwatiaset
of scenarios regarding the effective progress @& th
experiment.
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Figure 1 Locations of the points where the streangducers must be installed

According to the answers of the customer, there -
were drawn the following conclusions:

the overall mass of the crane and load is around
1000 tonnes;

there is a constraint regarding the equally
distributed mass of 33 tonnes per meter for the
quay where the crane will be operated, the
fulfilment of this condition being questionable;

the customer cannot provide

in the evaluation of the design and manufacturing
cost of the crane there were not planned expenses
for experimental studies;

during the installation process there were noticed
some mismatches between the initial design and the
effective conditions and some minor redistributions
of the on-board equipment was done.

There were taken 567 photographs and videos, the

appropriate overall size being of more than 1250 MB. All the

experimental conditions for the weighting of the important aspects were documented:

structure, though we presented several scenarios:
and options;

the customer can provide a cherry picker mobite lif
platform which can be used to bond the strain
transducers on the external side of the main tower -
at heights of more than 15.5 meters;

there are some sources of electric power which will
be used to solder the leadwires to the strain
transducers;
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possible locations of the measurement points and of
the command centre, denoted CC, where the data
acquisition equipment will be installed;

supports of the crane;

access points inside the crane and to the locatibns
the measurement points;

path of the leadwires between the possible location
of the measurement points and the CC;

hazard work conditions: height, wind and some
other weather conditions.
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Figure 2 Lattice boom, view from the slewing fdatn to Figure 3 Lattice boom, view from the top to thensng

4.1

the top of the arm

Figure 4 Mast of the crane, view from the
top end of the truss arm

Some other aspects were also noticed:
temperature and possible temperature variation
during the ongoing experiment;

time required to go from the command centre to the -

possible locations of the measurement points in
order to inspect, maintain or repair the connestion

TECHNICAL AND ECONOMICAL ASPECTS
Technical details

The customer company specified the following

locations of the measurement points:

TO1, TO3, strain gages, located on the middle beam
belonging to the crane motion system, figure 6;

TO3, strain gage, located on the topmost beam
belonging to the crane motion system, figure 6;

TO4, strain gage rosette, located on the connecting
element between the crane and the motion system;
TO5, strain gage rosette, located on foot no. thef
crane, next to the tensioner bracing rod;
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platform of the crane

Figure 5 Lattice boom of the crane, view from the

top end of the mast

TO6, strain gage, located on the tensioner bracing
rod which connects the feet on one side of the
crane;

TO7, strain gage, located on the outer side of the
fixed platform;

TO8, strain gage, located on the transverse beam of
the fixed platform which supports the tower;

T09, strain gage, located on the tower, between fee
1 and 2, next to the transverse beam of the fixed
platform; a cherry picker mobile lift platform is
necessary to have access to this location;

T10, strain gage, located on the tower, betweetn fee
2 and 4, next to the transverse beam of the fixed
platform;

T11, strain gage, located on the slewing platform,
between the mast and the engine room;

T12, strain gage, located on the in-tension beam
which connects the end of the slewing platform to
the top of the mast, over the engine room;

T13, strain gage, located on the mast of the crane,
over the engine room;
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Figure 6 Motion system of the crane, leg no. 3 Figure 7 Three wires connection system

T14, strain gage rosette, located on the lattimbo a more accurate class of precision, so this reoging is
pinned connection, on the slewing platform, behind fulfilled.

the operators cab; The team which will carry out the experiment will
T15, strain gage, located on the outer end of thework at height, this kind of work remaining one tbe
lattice boom, on the bottom side; biggest causes of fatalities and major injuries.avoid

T16, strain gage, located on the first beam of the accidents, the team will be legally instructed relgay
lattice boom, next to the pinned support, on the the safety of the working at heights.

topmost surface; Another aspect regards the copyright of the
T17, strain gage, located on the last diagonal heam experimental data acquired. _
to the outer end of the lattice boom. Acquirement of the necessary materials for the

The area where points T15 and T17 are located mayexperiment will be done by respecting the actugble
be seen in figures 2 and 5. Also, in figure 3 may b Procedures.
noticed the area where points T14 and T16 areddcat

The elements of the crane are manufactured of highd- RESULTS

strength steel for structural purposes. ) ) _ )
5.1 The technical solution regarding the desigthef

4.2 Economical aspects experiment

It is well known that all the experimental research The equipment employed to acquire experimental
studies are expensive in comparison to the theafeti data consists of: System 6000 with 16 cards/channel
computer based studies. CDS20 cable-extension displacement sensor, P3500

The consumables consist of strain transducers,Strain indicator (Wheatstone bridge), SB-10 switstd
chemical substances employed to prepare the susface Palance unit, MAK tool case for the installation tok
which the strain transducers will be bonded, adlessi ~ Strain gages. System 6000 is fitted with 15 stgage
protective substances, leadwires, soldering magesiad ~ cards model 6010 and one high-level card model 6030
others. All these materials are expensive, forams¢ a  All the equipment was manufactured by Vishay
meter of shielded cable with 4 wires costs moratBa ~ Measurements Group. _
euros and it is delivered in coils of 10 or 100 engt There are several strategies to be followed

Moreover, the delivery period for strain transdscer regarding the errors and the parasitic effects in a
is very long, especially when the European brancies €xperiment which uses strain gages, [1]. Some efth
the manufacturing company, VISHAY Measurements, aré: to eliminate the._source of errors, to actively
are out of stock because the season for industrialcOmpensate the parasitic effect, to self-compente
experiments has started. parasitic effect and to correct using calculi thesgible

The constraint regarding the time frame dedicated €0rs. It must be reminded that one of the most
to the experiment requires several operators wgrkin important parasitic effects is the temperature atam
simultaneously, who must install the strain tramsds ~ during the experiment, in some cases being very
and the leadwires. The cumulated time to instafi th important to measure the temperature in each tcat
strain transducers is the same, but the traininghef @ Strain transducer [2].

operators in order to update their knowledge aritissk The experiment will be carried out in open spaces,
according to the strain transducers to be usedHisr ~ Mot in laboratory conditions, so it is certain tiae
particular experiment leads to an additional cost. temperature will have a variation during the onngpi

data acquisition. Figure 7 presents the three wires
4.3 Legal aspects connection system will be used to wire each stgaige

to a card/channel of the data acquisition systemnthis
The customer company claims that the accuracy ofWay, this parasitic effect of the temperature vaiain

the acquired data must be in the class of precisionthe leadwires can be self-compensated and the radqui
recognition by the State Inspection for Control of data will have a proper accuracy. The connectirsesy

Boilers, Pressure Vessels and Hoisting. System 6@g0  requires additional wires, so it is important tonimise
the path of the cables. Minimisation of the lengththe
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cable is the first criterion in the selection oé tlocation
of the command centres, criterion designated C1.

Another criterion, C2, regards the length of the
wires which must use a minimum number of ‘standard’
coils of 10 or 100 meters length, this means toinmse
the costs.

The third criterion, C3, must take into account the
constraint regarding the 15 cards dedicated to ieequ
data from strain gages in the above mentioned Byste
6000. The request of the customer company presémted
the previous section must deal with 23 channelsatso
least two command centres must be chosen.

The fourth criterion, C4, must take into accourd th
verification of the data acquired, being mandattoy
apply the principle “check, double-check and ovezak
the experimental data”. In this way, the data freome

measurement points must be acquired from all the .

command centres in order to verify the repeatgbdit
the measurements, hence of the phenomenon.

The fifth criterion, C5, regards some other aspects
such as the possibility to directly communicatehwte
crane operator and with the employee of the custome
company who is in charge with the management of the
experiment. This criterion is important in emergenc
situations in order to stop the current loadingrafien
or to rapidly discharge the crane.

The order between the aforementioned criteria is

“C4.Pr.C3.Pr.C1.Pr.C2.Pr.C5", where the “.Pr.” @ter
is the symbol of the “simple preference” optiontire
multi-criteria matrix method employed in the degisi
making process.

Several scenarios were analysed in order to have an

optimum accuracy / cost ratio. The best scenario
considers two locations of the command centre.

The first command centre, CC1, is located on the
ground and it is employed to acquire data from the
following measurement points: TO1, T02, T03, T04,
TO5, TO6, TO7, T08, TO9 and T10. The overall number
of channels/cards employed for this stage of the
experiment is 14 out of a total of 15 cards fomistr
gages available in the System 6000 previously ptede
It is important to remark that one channel / cardrée,
being possible to measure the vertical displacemént
the lattice boom, using the CDS20 cable-extension
displacement sensor. There must be
important detail: CDS20 uses 350strain gages while
the current strain gages have 120 This means that
cards may be properly prepared for two electrical
resistances, by setting accordingly the properchieit.

The second command centre, CC2, is located on the

slewing platform, the experimental data being aegui
from points T09, T10, T11, T12, T14, T15, T16 and
T17. For this stage of the experiment 10 channeds a
used out of 15 available channels.

There must be noticed that points T0O9 and T10 are
connected to both CC1 and CC2. In this way therg ma
be evaluated the repeatability of the phenomenon.

Moreover, the SB-10 switch and balance unit
together with the P3500 strain indicator may beduge
parallel with the data acquisition process fromheit
CC1, or CC2. The results presented by the P35008SB1
data acquisition chain may be considered for static
conditions only. However, the results can validate
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least the order of the values acquired dynamiaading
the System 6000 measurement chain.

It is important to load and unload the crane sdvera
times before the data acquisition starts in ordeest if
the strain transducers are properly bonded andexbed
to System 6000 or to the P3500+SB10 data acquisitio
chain. Moreover, after several load and unloadesytte
strain transducers are properly extended and they a
ready to work smooth together with the structure on
which they are bonded.

Being a time sensitive experiment, the installation
of the strain gages must be done quickly. To fuHik
requirement there should be done the following
operations in advance:
creation of a code of colours for the wires, to be
used as a rule to perform the connections;
soldering the leadwires to the connectors which wil
be plugged into the cards belonging to System
6000, in laboratory conditions;
soldering of the wires which will be used for the
P3500+SB10 data acquisition chain into the
connectors to be used for the System 6000, in
laboratory conditions;
labelling of the connectors, in laboratory conditp
labelling of each wire, using detailed information,
in laboratory conditions;
creation of the plan of the connecting network gsin
the rule previously defined;
creation of accurate drawings of each strain
transducer to be bonded: position, direction, aaou
of the wires employed for the soldering process;
creation of a list with all the additional matesial
needed: extension cable for the electric power
supply in each group of locations of the
measurement points, small polishing devices,
equipment needed for the working at heights.

All the measurement points where the strain gages
are bonded must be documented using photos andsvide
which will present the position on the crane (the
context), details regarding the position and thedion

of each strain gage, colours of the connecting swire
Visual documentation should also be used for the
evaluation of the length of the wires.

Electrical resistance of the wires must be measured
in order to correct by calculus the acquired ddita (
P3500+SB10 acquisition system) and to input them in
the System 6000 data acquisition software. Morgover
the non-interruption of all the wires must be tdste
The electric power during the experiment will be
supplied by batteries in order to avoid the paiasit
effects due to the variation of the parameters haf t
electric power supplied in the shipyard where many
other electrical equipment is used for the cramesfar
the manufacturing process, such as for the welding
process.

It is also advisable to take into account the
mathematical relations, the methods and the algost
employed to process the experimental data, in ctaer
imagine simple relations to quickly calculate relet/
information during the ongoing experiment, as vl
for the development of a dedicated software for the
experimental data reduction, [3].

reminded an
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Last but not least, it is important to create some
emergency situations plans in several malfunction
hypotheses: some of the 6010 strain gage cardadire
working properly, identification of the possibleusoes
of errors, interruptions or malfunctions, plangedesign
the wire network, plans to evacuate if the struetis
overloaded and it might collapse.

5.2 Financial aspects

The overall cost of the experiment was calculated
several hypotheses
command centre. The aim was to minimise the cogls a
in the same time, to assure the quality of the emmEmt,

under the supervision of the National Authority for
Scientific Research (ANCS), Romania, that is the
follow-up of the 1D1223 scientific research project
Oanta, E., Panait, C., Nicolescu, B., Dinu, S.,cBrs
A., Nita, A., Gavrila, G., (2007-2010), "Computeidad
Advanced Studies in Applied Elasticity from an
Interdisciplinary Perspective”, [4], under the swison
of the National University Research Council (CNCSIS
Romania.

Ideas regarding the analytical models and the
automatic calculus in structural studies are trulteof

regarding the position of thethe models developed in the framework of the sifient

research study ‘Development of computer assisted
marine structures’, Emil Oanta, Cornel Panait, @Gftie

this means the accuracy of the experimental dataBatrinca, Alexandru Pescaru, Alexandra Nita, Feiza

acquired.

Generally, experiments are costly, and this mtoje
keeps all the expenses as low as possible. Inwthig
according to our calculi, the cost of the experitnisn
under 2% of the total cost of the crane. Howeueis t
cost was not foreseen in the costs estimationshef t
manufacturing process.

Finally, it should be noticed that all the delayghe
elaboration of a decision regarding the date when t
experiment must be started will lead to an incréase
overall cost.

6. CONCLUSION
Planning of an experimental mechanics project for
industry is very important and various classesspeats
must be taken into consideration: technical, ecaoaim
and legal. In order to have an overview and to khtc
the problem to be experimentally solved is well ggbs
there is necessary an on-site documentation peniad
several discussions with the technical represemtmtof
the customer company. Mastering the details is
important and computer based approaches are néeded
order to evaluate all the variants of action. Expental
data should be checked, double-checked and over
checked, in order to have a high degree of confiden
Beside the technical aspects there should be ocmttei
backup plans for different scenarios.
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CONCEPTS REGARDING THE USE OF THE EXPERIMENTAL METH ODS FOR THE
WEIGHTING OF THE RAIL MOUNTED STRUCTURES
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SDASCALESCU ANCA-ELENA

134Constanta Maritime University;*Politehnica’ University of Bucharest, Romania
ABSTRACT

Certain projects require the weighting of a patticstructure, any industrial instrument being impatible with
the problem to be solved. In these cases new nmiagdnstruments must be conceived. The paper pteseme basic
concepts regarding the development of such instnisnd he study is dedicated to the weighting of rdie mounted
structures. Experiments may be conducted in statstynamic conditions. Basically, the strain gagehtology offers
the means to develop customized weighting instrasnéfhe weighting operation implies the insertidnaosensor
between the mass and the ground. Several solutiens studied, being presented a first method whids strain
gages and another solution based on displacemesbrse Both solutions are thoroughly analysed, dking into
account various parasitic effects. Finding theecid to automatically process the experimental ttata load in motion
along the measuring beam was an important targdteostudy. Numerical data were used to verify rdnege of the
strains, of the stresses and of the deflectionsiatiens of the strains and displacements werehicafly presented in
order to have a higher degree of relevancy whiatldg¢o a more explicit interpretation and comparigbthe solutions.
The concepts presented in the paper may be usedilferagons, rail mounted cranes and other raiimbed structures.

Keywords: concepts, strain gages, displacement sensors, apsiofution.

1. INTRODUCTION 1 2%
a=—arctg —— , (1)
Particular projects use models which require 2 Sy-Sy
information regarding the loads, in this class it where

data being also included the weights. In thesesctse . 3 _

accuracy of the theoretical models, analytical or if (SX ) SY) 0 a=a, (2.a)
numerical, depends on the precise evaluation of the if (SX - 5Y)<O a=a,. (2, b)
weights. Apart from the weighting instruments which The principal stresses are calculated using the

can be found on the market, there are certain ¢i®je expression:
which have several specific constraints, being ssagy + 1
— SxtSy

special weighting instruments. +—\/(sx - SY)2 +4%? . (3)

L . 12 -
Several principles and methods may be applied to 2 2
measure the weights, but one the most precise itgein If the strain gages are installed next to the cétr
is based on the use of the strain gages. Someeof thof the section, figure 1, the according stresses ar
strengths of this method are: accuracy, availgbitit s. =0
instruments and software which can be used fod#te ¢ T (4)
acquisition, wide range of mechanical parameterghvh o =17
can be measured and flexibility of this technology. It results that the principal directions are:
In the next sections there will be presented cotscep 3
regarding particular weighting techniques, based on al(G) :_,0
experimental mechanics methods. 4 _ (5)
e P
2. CONCEPTS REGARDING THE USE OF THE aé : _Z

STRAIN GAGES INSTALLED ON A RAIL TRACK and the principal stresses are:

On a rail track the strain gages may be installed o Sl(G) = +l‘;2x
either the longitudinal surface, or under the tadtween s@= _tT : (6)
the cross ties. The second arrangement of the ) 1 max
measurement points may be also used for the waighti The strains are calculated using Hooke’s law fer th
platforms. plane stress state

In order to install the gages on the side surfades :1(5 nxs )
the rail track, first there must be solved the peobof A" 2. (7)
the principal directions, principal strains andnpipal e :i( nxs. +s )
stresses. The principal directions may be calcdlate 2 v
using the relation: where E is Young's modulus and? is Poisson’s

coefficient.
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Figure 1 Strain gages on a flat bottom rail track

TZ TZ
By replacing the principal stresses in Hooke's law, e_._ = el@)- al® :lx[”ﬂ- - lxtmi =
it results ik 2 2 G 2 G
_ 1 TZ TZ ]_ 1+/7 TZ 1
e.I._E[(+tmax)_ /7)((- tmax) =+ E tmax zaﬁ;zax
1 1+n '
e = _[(_ t;zax)_ n >(+ t;zax)]: - _t;zax and, moreover,
E E o =1.F .S
1+n 1 RR, '
Taking into account that— = ——, where G G Iy by
E 2>XG The force which loads the beam is
is the shear modulus, it results
’ G~
1t F= e RR, - )
el(G) :+§:; gax SY 2
T, - (8) Let us consider that on a rail track, the weight is
a®= _ i x[max applied according to figure 2. This model is basedhe
2 2 G hypothesis that the rail track is built-in on thess-ties.

Both strain gages measure the strain produced bylhe built-in hypothesis is accurate if a part of thail
track is replaced by a small beam having the same

geometrical and mechanical characteristics, thembea
produced by the temperature variation during the being fitted with some measurement points. Thistbea

experiment, designated a8y . The strain gages are designated as a rail track coupon.

installed in adjacent arms of the Wheatstone bridge actuz-arllhethfgrscr?ear:]?;ilget?]eu\?;rr]igti(t)?]ebesigam éi%ﬁs 1S
the strain indicator outputs the difference betwéem y ’ g pr

signals produced by these strain transducers: the f|gure above. The fqrces in the two build-indemf
the rail track coupon are:

the mechanical Ioadei(;’), as well as the apparent strain

— G
@ e, =6 +ey, b2 3>a+h)
Vi=F—F—3—, (10)
O  aceie, G
2
- _ G)_ 0 __a"vat+3%
€pp, = g - G, = €°)- € V, = Fw. (112).
As it can be noticed, the parasitic effect of the The shear forces diagram in the figure above has a
temperature variation is self-compensated usindéife sudden variation in section 2. As it can be noticed
bridge arrangement of the strain gages in the Vélma F=T |+
_‘ 212‘ ‘ z 23‘ : (12)

bridge, [1], 136-140. By replacing the principabats in
the previous relation it results
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Figure 2 Calculus scheme: weight applied on atradk,
between two cross ties

This means that both of the forcds,, and T, ,,

must be experimentally measured in order to evaltre
weight which loads the beam. This means that two
measurement points must be used, being measured the

forces
_ GAH b,
Far, = s, G (13)
and
_ GAH b,
Frg, = s Gem (14)
The weight applied on the beam is
F :‘FFQRZ‘ +\FR3,R4\' if Frr, Frp, <0. (15

Condition Frpp Xz <0 means that the

unknown force,F , is located between the locations of
the measurement points. This condition is necessary
because the unknown forcé; , is in motion along the
rail track coupon. In order to have accurate resthie
speed of theF force should be constant and the rail
track should have a straight path in the area whee
measurement points are installed. In this way,etlae

no inertia forces and no centrifugal forces, so ahé/
force which loads the beam is the weight force.

Figure 3 Variation of the strains according te turrent position of forcé~ along the beam

It is important to be noticed that there are no
constraints regarding the accuracy of the locatibthe

measurement points along the beam. However, there a

two contradictory conditions to be taken into agttou

- the distance between the locations of the
measurement points should be large enough in order

to fulfil the condition Fgp X, <O for long
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time, in order to have a significant amount of According to figure 2, there must be noticed the
accurate data acquired; following cases:
- the distance between the locations of the. |f ¢c>a F
measurement points and the built-in end of the RR,
coupon should be large enough to prevent the: If c<a<L-d  Fgpp =V;, Fpp = -V,

=Frp,= - Vai

apparition of the parasitic effects due to thesstre ) — —
concentrators. Ifa>L d_ Frr, = Fre, \_/l'
However, it is important that the strain gages must As mentioned before, the interval where the

be bonded along the principal directions, which msea unknown force F may be measured, is

45 with respect to the direction of the rail tracktHis c<a<L-d. Inorder to check this condition, there
condition is not respected, the measurements wileha should be installed some motion sensors, but fais
certain inaccuracy. In this case it would be appete more easier to replace the above mentioned conditio
the use of three gages rosettes. Moreover, it woeld  Wwith the condition
interesting to evaluate the sensitivity of the aacy of Erpr XErp < 0, (16)
the results, that is the weight forde , with respect to - .
the misalignment errors.

The design of the rail track coupon, especially the
length of the coupon, must take into consideratios added only if condition (16) is respected, leading

which is similar to the condition given by (15).
In this way the signalseRle and €rp, May be

following aspects: G ’t\(

- the maximum bending moments must not lead to large F= —X 2 xqepiR +‘9R3R D . @n
stresses over the linear elastic range of thesssteain S : !
curve of the material;

- the measured strains must have significant valoes f
the given range of loads, this means an appropriate
sensitivity of the coupon.

It is necessary to evaluate the overall range offorce F along the beam. Moreover, it is also presented
values of the strains which will be measured inl rea the overall strain

conditions, so we consider a rail track type 4gurfe 1,

Figure 3 presents the variation of tdeaRz"

‘eRSR4‘ strains with respect to the current position of

currently used in Romania, with the following eRRzRaR4 = ‘eFaRz‘ +‘eR3R4‘ (18)
dimensions of the foot, web and head: which is calculated only when condition (16) isfifiéd.
H. =16mm, B, =115mm, Z, . =122mm; In this way, the non-zero values of tiép . ~signal
H,, =78 mm, B, =15mm, Z, =76 mm; can be easily identified, even for smaller valuéshe

_ _ _ unknown weight force[ .
H H ™ 36mm, BH =54mm, ZG H ™ 18mm. Regarding the stresses, the maxim values are:

Using these values, the geometrical characteristics sr':z;x = 24825MPa, (19, a)
of the cross section are:Zg = 70325mm,

t= =87812MPa. (19, b)
l, =111159268 mnf, |, =25221628 mnf, The maximum shear stress was calculated by
W, =158064.2 mnT, W, =43863.7 mnt, consideringT, .., = F , situation which appears in the
SYmaX =1105573 mm3, Q =15mm. area next to the built-in ends of the bar.

. . As it can be noticed, the values are under theegalu
Regarding the geometry and the locations of the of the allowable stress, but they might become i
measurement points, according to figure 2, we Iset t for the fatigue of the material. However, the maxim
following values: L =a+b=200mm, load considered is with 35% higher than the maximum
c=50mm, d =50mm. loads recommended in the standards, the real ssress

Being an evaluation study, we consider the P€ing smaller.

following material constants: E = 2.14.0> MPa, 3. CASE STUDY: A RAIL MOUNTED CRANE
n=03.

In the evaluation of the maximum load, we consider Beside the car wagons and locomotives, there are
a maximum weight-per-axle (axle load) of 20 tonnes, other structures supported on rail trqcks. Flgure 4
value allowed for car wagons. However, there are presents a rail mounted quay crane. As it can tieath
locomotives with 27 tonnes per axle, so we consaler €ach of the four legs of the crane is supportedl®n

mass ofm =13500kg as the load which produces the wheels made of steel which roll along a rail tratke
rail track is supported on a concrete plate, noa @et of

cross-ties as the railroads.

The problem to measure the weight of the structure
is difficult but not impossible. Together with the
company which builds the crane there were evaluated
several concepts regarding the weighting of thectire.

force F, figure 2. Working with an over-dimensioned
load is useful in the calculus of the stresses, the
computed values being over the current values in
practical conditions, so we can verify if the linedastic
hypothesis is respected.

114



Constanta Maritime University Annals Year XV, Vol.21

An initial idea was to use strain gages to measure
the force which loads the rail track, method prasig 4. CONCEPTS REGARDING THE USE OF THE
presented. The distribution of the masses insidetane DISPLACEMENT SENSORS INSTALLED ON A
is not symmetrical, so the wheels of each leg efdtane RAIL TRACK
should be considered. This means that two or four
coupons must be manufactured and inserted in the ra Let us consider the same calculus scheme presented
track. The experiment consists of the measuremént oin figure 2. Instead of the measurements pointatéxt at
weight force of each wheel. This implies that thane distances C and d we consider that we employ
should be moved along the rail tracks in order &ken  displacement sensors, installed under the raiktrac

each wheel pass over its coupon. o The function of the displacement along the beam is:
Several problems were posed: the modification of NG
the rail track which must be severed, the modificabf (E X v ) XU, (X) = |\/|Y1 x— xH (x) -

the concrete plate in order to install the coupdricty

must have the same level as the entire rail trauk a X3 (X- a)s (20).
which must be properly embedded in order to havi-bu -V, Xx—xH (x)+ Fx——L xH (x- a)
in ends of the measuring beam, restoration of radl t 6
modifications. There were also evaluated methods towhere
calibrate the measurement method. Moreover, thexe a 0, if x<x,
certain areas where the rail track is embedded in 1
concrete, being difficult to modify the rail anditesert a H (X- Xo) = =, if x= Xo (21)
measuring coupon. 2
Finally, the representatives of the manufacturing 1, if x>x
company decided that is too complicated to insentes is the Heaviside step function.
coupons, being necessary the approvals of the attpy . .
management and the method would produce later 1€ M, , bending moment is:
hazards. b 2
My, =F ax , (22)
a+b

Equation (20) also useV¥,,, which is given by

relation (10).

The problem consists in the appropriate assessment
of the position of theF force, in motion along the
beam, position defined by thea parameter. The
previous method used two measurement points and the
condition (16) which is fulfilled for the intervakhere
the data may be used to calculate theforce, using the
relation (17). In comparison with the previous noeth
where the problem is solved, with respect to theecu

(x

3
-a
value of a, the termF XT)XH (X- a) may be

either considered in (20), or it may be zero, se th
position of theF force must be accurately estimated.

Figure 4 Rail mounted quay crane

Another idea was to use a set of hydraulic jacks
which can lift each leg or each set of 2 or 4 whedélthe
crane. Several problems were posed: coordinatidheof
pistons’ motions of all hydraulic jacks, calibratiof the
measurement method, points on the structure winere t

hydraulic jacks could be installed. Figure 5 Theoretical and possible variation of the
Finally the representatives of the manufacturing displacement in thex = 0.5 L section,
company also relinquished to this measurement rdetho with respect toa, location of forceF

of the weight.
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Let us consider that one displacement sensor isNicolescu, B., Dinu, S., Pescaru, A., Nita, A., Glay

installed in the middle section of the measuringrbeln
this case the maximum  displacement

U, o (X =05x) = 0.02364mm, for a= 05>L.
In order to measure the weight force in motion gltme

is

measuring beam there must be noticed that the

displacement, .. (X = 05xL) is increasing until the

F force passes through the section= 05L and
then decreases, figure 5. Variation of

U, o (X=05xL) is hard to be automatically

evaluated because of the small variations, buait loe
retained the maximum value of the displacementnduri
the motion of the wheel on the measuring beam.
However, as it can be noticed in figure 5, the mmaxn
value may be influenced by the small variations.

It is important to notice that the displacementssen
must be precisely installed in the middle sectiérihe
measuring beam. Moreover, the sensor must
supported on a platform built-in in the adjacemissrties
in order to measure only the displacements of tie r
track, not the composite effects of the cross-pessible
elastic supports and other parasitic effects.

5. CONCLUSIONS

By comparing figure 3 and figure 5, one can notice
that the values of the overall signal defined biatren
(18), may be acquired for an entire interval forickh
condition (16) is fulfilled. Moreover, the valuesagnbe
averaged in order to decrease the influence obthall
variation. Once the condition (16) is not fulfilled
anymore, the acquired data are processed and stoced
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STOCHASTIC METHOD FOR MODELING FUEL SPRAY IN DIESEL ENGINES

SABAU ADRIAN
Constanta Maritime University, Romania
ABSTRACT

In this paper, we are interested in problems, sischigh-pressure fuel injection in an internal castlon engine,
in which the spray carries sufficient momentummér&n and set into motion the surrounding gaguin, the motion
of the gas in the vicinity of the particles reduties resistance to their motion and allows the yspogpenetrate much
further than would otherwise be the case. It isdrtgmt, therefore, to account for the interactietwieen the particles
and the gas. This interaction is of course alwagsent, but it is particularly significant whenetke total mass and
momentum of the particles is comparable to thahefgas, and when the size of the particles igcserfitly small so
that the coupling of a particle to the gas is ggron

Keywords: spray, interaction, particle, momentum cells, prhbitiatic.

1. INTRODUCTION particles and momentum interchange between pasticle
and the gas. Because the particles are nonevapprati
That paper presents a model for atomized non-and nonburning, there is no mass exchange. Funrireer,
evaporating liquid spray injected in diesel engifae assume that the gas or fluid containing the pagics
method consists of a fully interacting combinatioh compressible [4].

Eulerian fluid and Lagrangian particle calculation. Spary equations:

The procedure is to represent the spray by discrete
particles, rather than by continuous distributiomis " - 1 1 _ 1
amounts to a statistical (Monte Carlo) formulatafrthe ﬁJ’Nx(f“P)J'Nup(fFP)J'ﬂTp(fRP)J'ﬁ(ﬁp)‘Q @)

problem, since the finite number of particles used
represents a sample of the total population ofigeast
Each computational particle is considered to reprea . P ]
group of particles possessing the same charadtsrist radius variation and the temperature of an arlitrar
such as size, composition, etc. The use of discretedroplet in the spray ak position. fdr,dv,dxdT, is the

particles eliminates the problems of numericaludifbn probably number of droplets at position, in the space

and of resolution in the vicinity of the injector. : .
The method to be described in this paper differs dx,, with up, Fp, R, and Q istrate of change, made by

from these previous [1], [2] and [3] attempts innpa  collision, and coalescention.

where up, F,, Ryand T, is the velocity, force, rate of

details, but principally in eliminating iteratiororf the Continuity equation for the gas

particle-gas momentum exchange and in accounting fo

particle volume displacement effects. It also d#fdy g9 +Rkgu, =0 @)
stressing a statistical, rather than a determiisti qt g

approach to the modeling of sprays. The technigue i
presently limited to particles whose size doeschainge  \where ¢ is the void fraction, or the fraction of the

(i.e., non-evaporating and nonburning sprays). Ti&is olume occupied by the gas. and is the aas velocit
not an inherent limitation of the method but it heen o P y g. ’ mal _ g _V |y._
The presence of the void fraction in this equation

adopted to focus attention on the primary, hydreayic i )
features of the method. accounts for the displacement effect of the pasicl
Momentum equation:

2. BASIC EQUATIONS
1qug +Rquguy = gg- 9 +RxgmyNug +iMp! (3)
It will be assumed that no particle coalescence or Tt " "o
particle breakup occurs. This implies that the ipleg ) ) o
are sufficiently dispersed that particle collisioase ~ Whereg is the acceleration of gravitp,is the pressure,
infrequent. The initial breakup of liquid spraysjets is mg is the kinematic viscosity (or eddy viscosity fifet

not considered It is assumed that initial condgidar flow is turbulent), andM, is the term defining

the particles are known. That is, the initial pdetisize  momentum exchange with the particles, per unitwelu
distributions, positions, and velocities are indefEntly  An alternative form of this equation can be obteliley

specified. subtracting out the continuity equation:
This leads to two sets of equations, one set fer th
gas and the other for the particles. These equatiath 1

Ku, = g- L Rp+2L Regmu, +—~- M+ (4
be coupled primarily by two mechanisms, the qle tU MYy =0 ngp+qu"5Nu9+qrgMp @)

displacement of gas by the volume occupied by the
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This is the form of the equation used. The terms them are the pressure and the void fraction. The

containingM , , will be defined later.

In a turbulent flow, the gas equations of the prasi
section are written in terms of the mean veloajty For

particles, gas turbulence is important as a meshafor
diffusion; and it is convenient to write the ind@mmeous,
rather than averaged, equations for the partidlesdo
this, we define the instantaneous gas velocity,

Ug =Uug +ugy, where ug, is the turbulent component of
the gas velocity.

Each particle, individually labeled by subscriptis
assumed to obey the following equations:

Particle velocity:

(5)

Upk = dxp, /dt

Particle momentum equation:

d m, ~
”kd_upk:mkg'f—:Np*'Dk[Ug](Ug' Upi); (6)

wherexy is the particle positionu,, is its velocity,my

is its mass, andr is its density. The notatio, [U]is

used to denote the drag function, evaluated udieg t
velocity Uy, which is the coefficient in the force acting
on the particle due to its motion through the dasuill

be convenient to abbreviate the notationDip when
referring to the drag function evaluated at the megas
velocity ug (Dx® Difug]).

It is sometimes more convenient to consider the

effect of turbulence on the particles to be dua force
fow in which case the momentum equation is written:

fox =D[Ugl(Ug - up) - Di(ug - up),  (7)
m,

r_kNp+ Dk(ug - upk)+ fpk; (8)

d
M — g = Mg -
dt ™ i}

The terms in the gas equations (eqgs. 2 - 4)

dependent on the particles have not yet been dkfine
Taking ensemble averages, we can write:

g=1-  4/3orid(x- Xy)
k

0= = DlUg)Ug - Updd(x- Xy -
k

9)

M (10)

3. NUMERICAL TECHNIQUE

Velocities are defined in the middle of cell faces.
Thus, there are two staggered meshes associatedheit
respective velocity components, and the correspondi
cells, called momentum cells, are indicated by ddsh
lines in Figure 1 [4].

These computational cells act as control volumes fo
the dependent variables associated with the basi
equations. The regular cells are the control vokirfioe
the mass continuity equation. Variables associati¢d

118

momentum cells are the control volumes for the
momentum equations, and the associated variabtes ar
ug; and vg; and the components of the pressure

Figure 1. Typical cells

gradientZp . To a first approximation, these variables are
assumed to be constant within their respectives cell

We shall also use a time-splitting procedure
employing intermediate time levels denoted by
superscripts such that [5]:

t"<t’ <t?T <t3 <™ (11)

For modeling purposes, it is not possible to deal
with the large number of droplets, so that a samgpli
tehnique be employed in which each single particle
represents a characteristic group of particles.s Tiki
equivglent to the following distributions function:

f(rxup,t) =
k

Nyt - R )X Xl - U) @5 (12)
P

where N, is the number of identical particle by

particlek, LN is the number of particles in the volume
DrDxluy, .
The droplet size distribution is:

- 6r

6
f.(r)=—exp — (13)
' Ds, Ds,

where D5, is Sauter mean diameter which is consider to
varying very little.

Eddy viscosity was estimated using a value
appropriate to a turbulent gaseous jet:

m, = 00163/ 0250d%/2 ,

where d is the orifice diameter an¥ is the droplet
injection velocity.

No attempt was made to calculate particle diffusion
accurately. Particle turbulence was modeled ushmg t
assumption, that the fluid turbulence is isotrogd has

(14)

@ Gaussian distribution in velocity. Given the wlent

kinetic energyk, is k = 0.1uyuy, and turbulent velocity
is:
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obtained by linear interpolation. For each regaklf the

u'g = k%5 sgn(X ) >erf '1(|X|) ' (15) void fraction is:
where, as beforeX andY are random variables selected qij’”l =1- 4P N pkr,f , (23)
for a uniform distribution in the rangd < X, Y <1 To Vi
complete the discription, the relevant turbulenoeet
scalet is required. The velocityu'g is assumed to act the continuity equation
for a time equal tof =Lt. An elementary analysis 0l n
suggests that the produces particle diffusion 9 -9 +Reg™ 0 = 0. (24)
corresponding to [1]: o
The equations that have to be solved next,
2 simultaneously, are the gas and particle momentum
D; » 066 Dy qtd. (16) equations over the momentum cell
. . . . . Lﬂ _ S +F"=¢g- innﬂ +
The resulting particle concentration, which is I} rq I o5
Gaussian, forms a distribution function for thedtian - - (29)
of the particle. Particle positions are randomliested AW e upts? + R
from within this distribution, such that on eacimé step rp fx

the diffusional increment in particle position is

We shall employ a splitting procedure, which, while
Dy = (4DTa)°'Ssgn(X)erf'l(|X|), (17) preserving the original equations, will solve thama
number of stages [6].

This is equivalent to selecting the following rando

particle force on each time step RZT = 1 NkaET (u” U )
n+l, D2 pk - Hg/
x fgq mcel k 1+ k
k
o = M—o¢ . (18) "k
154 1 N .. D2
SZT - pk k2-|- (26)
n+ !
Each particle injected or entering the mesh must be rqq Vincel & 1+ QDL
assigned a velocity,, , a radiusry, and the number of m
particles in the group Npk. Let the number of Eh = US >Nug - nl+1 Nq”*lnbﬂug.

computational particles injected per cell per tishep be
K. The radius of each particle is then chosen from a

uniform random distribution that verified the reébet. We first calculate intermediate gas and particle

velocities, accounting explicitly for all forcesxazpt for

K particle interactions and turbulence, using théofeihg

Ny = Q2. (19) equations:
k=1 ur’;;l_ ur’;k 1 ﬂpn+l
If the pressure drop across the nozzle is knovem th o -9- ro x @
27 '
ZQ) 05 + Dk (Ug) (U 3+1_ ur’;;rl)
v=C - (20) m,

p

4. NUMERICAL RESULTS
The transverse velocity is derived in terms of the

initial ~ spray  angle using the relationship Application of the present technique has been the
0< (g £ Max(u ), where: modeling of fuel injection sprays. It would be dable
to compute sprays for which experimental data are
Max(Ug); = Vtan(a /2)’ (21) availa_ble so that a direct comparison could be matde
experiments of Hiroyasu and Kadota [1] come closest
1an(a /2):C(rg /rp)llz. (22) providing such data and were therefore chosen to

provide the basis for the following computations.

Knowing the position of each particle at tin&" The penetration curves is presented in Fig. 2

the void fraction is calculated using Eq. 9 whehne t
summation is over all particles in regular qg)l andV;

is the volume of that cell. The void fraction issased

to be centered in the cell; values at cell faces ar
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[mm]

Figure 2. Comparison of computed spray penetration

whit experimental data [mm]
Figure 5. Velocity and particle fields at 369.2 deg

[mm]

5. CONCLUSIONS

1. The penetration curves of Fig. 2 suggest that
good practical results can be obtained with thesqme
technique.

2. The numerical technique described has
generally been well-behaved except under conditions
when particles cluster locally so that the voidcfian
becomes negative in that cell. This is strictly luygical

3. There are a number of possibilities for
modifying the technique to prevent particles from
packing closer together than the close-packed,lifoit

Figure 3.Velocity and particl fields ai 354.< deg example.

4. The development of the technique is based on

In order to illustrate the fuel jet evolutions in the assumption of noninteracting droplets. Whiles th
combustion chamber the geometrical and technicalassumption is bound to fail in the vicinity of timgector.
characteristic of T650 Diesel engine made by Tracto 5. Clearly, many other approximations are
Brasov is used. The fuel spray parameter datadet involved, such as the assumption of spherical étsphs
estimated, and in some cases drastic approximatiats well as the numerical inaccuracies associated \with
to be made. The calculations are made whit fuebvit finite mesh.

density 7, =840kg/m® injected in air, injector whis .6' Ml.JCh better experimental data than currently
P available will be necessary to resolve these questi

[mm]

orifice d = 025mm and open pressuRy, =215 bar.

The cod is written in Compaq Visul Fortran 6.6 6. REFERENCES
programs.
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Figure 4. Velocity and particle fields at 358.6 deg
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FLOW MODELLING FOR A PANAMAX TANKER

17ZAIDI SARIM, BOCANETE PAUL
L2Constanta Maritime University, Romania
ABSTRACT

The present study is devoted to the computatioa BIANAMAX tanker in head wave. A RANS solver using
finite-volume discretization and free-surface caipiy approach is employed for the computation. €keected results
may be different when using various turbulence n®dpproaches. The main target is to identify tlesmeconvenient
approach for the adopted turbulence model withreetiathe near-wall treatment.

Keywords: tanker, hull, drag, force, turbulence, model

1. INTRODUCTION the momentum conservation equations and the preessur
field is extracted from the mass conservation cairst

As most cargo worldwide today is transported via or continuity equation, transformed into a pressure
ship, it is very important to design the ship haltms equation. In the case of turbulent flows, additlona
such that they operate economically. To propelig, $is transport equations for modelled variables arerdised
engine has to provide enough power to overcome theand solved using the same principles. The gradiargs
hydrodynamic drag due to viscosity and wave computed with an approach based on Gauss's theorem.
generation. It is necessary to understand the doatet Non-orthogonal correction is applied to ensure ran&d
flow characteristics to design the hull forms widlwer first order accuracy. Second order accurate resuitbe
drag and higher propulsive efficiency. For better obtained on a nearly symmetric stencil. Invisciaixfis
understanding of the flow around a modern commercia computed with a piecewise linear reconstruction
ship, it is of primary importance to produce releab associated with an upwinding stabilizing procedure

experiment data of practical hull forms. which ensures a second order formal accuracy when f
The experiment data describing the local flow limiter is not applied. Viscous flux are computeithaa
details are also invaluable in the field of compiotzal central difference scheme which guarantee a firdéro
fluid dynamics (CFD) for the validation of the déyeed formal accuracy. We have to rely on mesh quality to
physical and numerical modelling. obtain a second order discretization for the visciaum.

There have been some experimental data for theFree-surface flow is simulated with a multi-phakenf
flows around ship models. The International Towing approach. Incompressible and non-miscible flow phas
Tank Conference (hereafter, ITTC) summarized are modelled through the use of conservation egusiti
available benchmark database for CFD validatiortier ~ for each volume fraction of phase/fluid. Implicatheme
drag force and propulsion of a ship (ITTC 1999; gon is applied for time discretization. Second ordered¢h
and Stern 1996; Stern et al. 1998). For the cargo-level time scheme is employed for time-accurate
container ship, Series 60 (Fry and Kim 1985) and unsteady computation.

Hamburg Test Case Bertram et al. 1994; Gietz and Ku Velocity-pressure coupling is handled with a
1995) are given. DTMB model 5415 is recommended for SIMPLE like approach. Ship free motion can be
a combatant model (Fry and Kim 1985). For the full- simulated with a 6 DOF module. Some degree of
form tanker, HSVA/Dyne tanker models (Knaack 1992) freedom can be fixed as well. An analytical weigbti

and Ryuko-Maru (Suzuki et al. 1998) are given. mesh deformation approach is employed when freg-bod

Previously, two workshops (Larsson et al. 1991; motion is simulated. Several turbulence models irang
Kodama 1994) were arranged for the computational from one-equation model to Reynolds stress tramspor
analysis of flow around a ship, and HSVA/Dyne tanke model are implemented in Ansys CFX. Most of the
models and a Series 60 model were chosen for #te te classical linear eddy-viscosity based closures like
cases. However, those data are often partial and noSpalart-Allmaras one-equation model, the two-equati
enough to understand the complicated flow phenomena k- , SST model by Menter [5], for instance are

The hull forms used in those experiments are old- implemented. Wall function is implemented for two-
fashioned and quite different from the modern Fadins equation turbulence model.
of ships today.

3. TURBULECE MODELS
2.  SOLVER
Nowadays, the RANS methods are the ones most

Computation has been performed with the ANSYS commonly used for practical calculations of viscous
CFX solver. Turbulent flow is simulated by solvitige turbulent flows in marine CFD. The RANS approach is
incompressible Reynolds - averaged Navier - Stokesbased on complete averaging of Navier-Stokes empgmti
equations (RANS). The flow solver is based on éinit and representation of flow properties as a sum of
volume method to build the spatial discretizatidrtte averaged and fluctuating parts. The presence béikent
transport equations. The velocity field is obtairfemm
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fluctuations results in additional turbulence siess At present, the most popular versions of the k-
which are to be modeled by one or another turbglenc turbulence models are represented by the standard k
model, either empirical or semi-empirical using model, (Wilcox, 1998) and shear-stress transpo®T{S
experimental and statistical data. k- model (Menter, 1994), (Menter et al, 2003). Both
Compared to LES, RANS methods resolve only models are available in the commercial CFD codes.
eddies of largest scale comparable with the sizitoof
domain, while the rest of turbulence is accounted f 4. DESCRIPTION OF THE TEST CASE
through the turbulence model. Recently, some of the
turbulence models have been extended to handle low  The test case chosen for the present study is based
Reynolds number flows and even laminar/turbulent on an older simulation carried on a TRANSAS LCHS
transition. The turbulence associated with eddidarge simulator, where for this type of vessel, were daired
and medium scale is anisotropic, especially in the the loading conditions in several ballast situagiomhe
domains of intensive vorticity generation, rollumda  present case is characterized by a stern draft,56 7
separation. The velocity and pressure fields aré no meters and bow draft of 3,03 meters, as shown én th
predicted very accurately in such domains by RANS: following table:
The resulting functions often appear to be much
smoother than in real flow, which is the direct
consequence of averaging and turbulence modelling.
Different types of turbulence models are developed
depending on numerical implementation and what
physical effects one or another model is supposed t
incorporate. We will only consider the types of
turbulence models most widely used in commercidDCF
codes.
This model allowed us to arrive at the universal
model describing the structure of the boundary raye
flow in terms of mean flow velocity. This type ofoaels

is called “zero equation” because it does not mequi Figure 1 The tanker geometry
additional equations to describe turbulent stresses ) )
Instead, the turbulent stresses are related to the Table 1. Parameters for the simulation
mean flow characteristics by simple algebraic idiest Determined Load case
The k- turbulence model opens the class of two- value | I 1l \%
equation turbulence models which represent today's | Medium |, oo 5o 431 477
main tool for practical engineering simulations by draft [m]
RANS. In these models the turbulent velocity scaiel Stemdraft | oo | 550 | 40| 632
length scale are independently determined. Henee on i [I:c]:emen 1650 4575 | 27896
has to formulate the two equations for their corapab. pt i o | 19692 3 4
The k- model is probably the one that has been most [yatsurface 5748
popular at the earlier stages of CFD developmeattdu [m2] 4 | 58749| 6025 6128,
its high grades based on the combined evaluation Block
criterion  “robustness-economy-accuracy application | coefficient 0.750| 0,764 0.776] 0,787

range”. Even today this model is widely (and efidiy)

used in many problems of CFD including maritimédie For the considered case, there were used the three
The most common variants of the knodel found in  turbulence models, with the same settings andalniti
commercially available CFD codes include the stashda conditions.

k- model (Launder and Spalding, 1972), RNG k-

model (Choudhury, 1993) and realizable fodel (Shih Table 2. The simulations settings

etal,) Buoyancy Model  Buoyant | Buoyant Buoyant
The k turbulence models represent a group of X Gravity o[mid 0 [m/<] 0 [m/<]

two-equation turbulence models in which the tramspo .

equation are solved for the turbulent kinetic epdrand Y Gravity  0[m/S] | O[m/s] 0 [m/s]

its specific dissipation rate. The specific dissipation Z Gravity -g g -g

rate, which is used instead of, is understood &s th
dissipation rate per unit turbulent kinetic energyd

which is, thus, proportional to k. It has the dimension | Reference Pressu/ 1 [atm] 1 [atm] 1 [atm]
[1/s]. The k- formulation have been put forward and = Fluid Temperature 25 [°C] 25 [°C] 25 [°C]
developed in the works by Wilcox (Wilcox, 1998) ars

Domain Motion | Stationary Stationary | Stationary

alternative to the k- approach with the aim to Honlc/loc?;;eous True True True
incorporate the effects of low — Reynolds - number

flows, compressibility and shear flow spreadingain Turbulence Model k epsilon|  k omega SST
entire, consistent way, and to build the model #yua Turbulent Wall | Scalable| Automatic | Automatic
suitable to wall-bounded flows and free shear flows Functions
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All calculations described in this paper were 6. RESULTS
conducted for the unappended hull form.
The post processing stage showed the VOF and the
5. COMPUTATIONAL DOMAIN velocities in the longitudinal plane in order toafrse
the obtained values.
The computational domain was defined for the full
scale model, with boundaries it LW at the stern and

aside, and with the inlet boundary(b - L ,,..

Figure 4 VOF plot for the k-turbulence model
Figure 2 The computational domain

The results presented in this paper were all obthin
on a mapped, structured grid with H-O topology and
some extra grid clustering close to the ship hull.

Figure 5 VOF plot for the ks turbulence model

Figure 3 Mesh structure

Table 2. Mesh information

. Nodes Elements
Domain

248919 325597

At the ship surface the no-slip condition is apglie Figure 6 VOF plot for the SST turbulence model
directly and the normal pressure derivative is asglito
be zero. The undamped eddy viscosity, the variable
Menter's one-equation model, vanishes at a novgdilb.
With the present formulation of the turbulence nisde
(Kok and Spekreijse, 2000), all the turbulent qiteest
are zero at a solid wall.

There can be seen certain differences between the
free surface development for the three turbulence
models. Due to the turbulence models sensitivify t
results established in the near-wall are diffefenteach
situation.

One of the main problems in turbulence modelling
is the accurate prediction of flow separation fr@mn
smooth surface. Standard two-equation turbulence
. models often fail to predict the onset and the amhaidi

In the present calculations we have adopt_ed aSflow separation under adverse pressure gradient
convergence criterion the reduction of the maximum conditions. Generally, turbulence models basechen-t
differ_ence between consecutive iterations of thedh equation predict the’ onset of separation too laté a
velocity components and of the pressure t6.10 under-predict the amount of separation later oris Th
problematic, as this behavior gives an overly ofstit

6. NUMERICAL CONVERGENCE
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performance characteristic for an airfoil. The pegdn [5] Eca L., Hoekstra M., "On the influence of grid
is therefore not on the conservative side from antopology on the accuracy of ship viscous flow
engineering stand-point. The models developed keso calculations”, 5th Osaka Colloquium on Advanced CFD
this problem have shown a significantly more acmura Applications to Ship Flow and Hull Form Design, 300
prediction of separation in a number of test casebin Osaka, Japan.

industrial applications. [6] Kok J.C.,"Resolving the Dependence on Free-

Separation prediction is important in many stream values for the k — Turbulence Model”, NLR-
technical applications both for internal and ex#éérn TP-99295, July 1999, National Aerospace Laboratory,
flows. NLR, The Netherlands.

When referring to the established drag and drift [7] Kok J.C, Spekreijse S.P.,"Efficient and Accuerat
force, we can also see major differences between th Implementation of the k — Turbulence Model in the
obtained values: NLR multi-block Navier-Stokes system”, NLR-TP-

- 00E+01 2000-144, May 2000, National Aerospace Laboratory,
NLR, The Netherlands.

jggzgi [8] Menter F.R., "Two - Equation Eddy - Viscosity
0.000400 Turbulence Models for Engineering Applications”,
1 boEsor AIAA Journal, Vol.32, August 1994, pp. 1598-1605.
n Menter F.R.,”"Eddy Viscosity Transport Equations and
~ooron k- k- - Their Relation to the k  Model”, Journal of Fluids
apsilon omega ’ Engineering, Vol. 119, December 1997, pp. 876-884.
Total Force Ox = 2.62E+01  1.33E+01 1.93E+01 [9] Roache P.J., "Verification and Validation in
Total force Oy 2.92E+00 = 1.57E+01 2.78E+00 Computational Science and Engineering”, Hermosa

. T Publishers, 1998.
F|g_ure? The valu_e deviation fo_r the.drag _forcex © [10] Toxopeus S.L. "Validation of calculations dfiet
direction) anq drift force (Oy direction) with the viscous flow around a ship in oblique motion”, Tiiest
considered turbulence models MARIN-NMRI Workshop, October 2004, pp. 91-99.
[11] Longo, J. and F. Stern, 1996, “Yaw effects on
7. CONCLUSIONS model - scale ship flows,” Proceedings of thé 2INR

. . Symposium on Naval Hydrodynamics, Trondheim,
As stated before, there was determined high Norway, pp. 312-327.

differences between the obtained results for tlag dnd [12] Stern, F., Longo, J., Maksoud, M. and Suzdki
drift forces, calculated in the same initial cofalis and  [g99a "~ “Eyajuation  of .'Surface-Sh’ip ‘Resistance and

for the same geometry. ._Propulsion Model-Scale Data-base for CFD Validdtion
When considering the statements presented ingst Symposium on Marine  Applications  of

sections 3 and 6, we can conclude that the SST Inmde Computational Fluid Dynamics, McLean, VA, 19-21
recommended for high accuracy boundary layer May

Sr']m“b'a“ogs- T be”ef]!t from tﬂls ”‘1%de".a resaotof 1131 Fry p.J. and Kim, Y.H., 1995, Bow Flow Fietd
the boundary layer of more than 10 points is r&glir g, t20e’ Ships”, Proceedings of the "150NR

The SST model was developed to overcome deficiencie ; ;
in the k-, k- and BSL k- models. Therefore, using gi’g}gzgum on Naval Hydrodynamics, Hamburg, pp.

the SST model over these models is recommended. [14] Bertram, V., Chao, K.Y., Lammers, G., and Land
J., 1994, “Experimental Validation Data of Free{3ce
Flows for Cargo Vessels”, Proceedings of CFD
Workshop Tokyo 1994, Vol. 1, pp. 311-320

[15] Giets, U and Kux, J, 1995, “Flow Investigatioon
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MONITORING OF POWER FACTOR
'CIUCUR VIOLETA-VALI, *VASEA BOGDAN

'Constanta Maritime UniversityMaritime Officer, Romania
ABSTRACT

Monitoring of Power factor is of particular intetefer the electricity producer and for the carridrstributor,
supplier and end user because it influences thionpeaince characteristics of all operators on thkeetdtity market,
electricity supply costs and available capacityramsfer energy equipment.

Economic impacts caused by operation with low pofaetor must be taken into account in determiningrgy
electricity tariff aiming to compensate for enetggses that this mode has caused. Given that megltioe power factor
is due to phenomena (causes) local technical awashdial measures taken to increase its, relatecasly at the node
in the power system where is connected user whduemits reduction.

Although the consumer who determines this modeeisafized by price for energy losses in the powstesy
which is determined by the energy transfer to lmwer factor, the reduction of system performanagatteristics and
the need to increase the produced power to coesetlosses’ corresponding harmful effects on tvr@mment make
this energy consumption mode not supported.

Keywords: single-phaseircuits, three-phase circuits, power factor, etazity supply, energy losses.

1. INTRODUCTION

Economic impacts caused by operation with low
power factor must be taken into account in deteimgin
energy electricity tariff aiming to compensate émergy
losses that this mode is causing.

Although the consumer who determines this mode
is penalized by price for energy losses in the powe
system witch is determined by the energy transféow
power factor, the reduction of system performance
characteristics and the need to increase the peaduc
power to cover these losses’ corresponding harmful
effects on the environment make this energy
consumption mode not supported.

Figure 1 Define power factor single-phase and
linear circuits

In the general case of non-sinusoidal regimes the
relation (1) has several interpretations:
- The ratio of active power P and total apparent

2. SINGLE-PHASE CIRCUITS

Power factor P. F. defined as the ratio between

active power P and apparent power S is a variabieirs power S y
time, the t that it defi . .
ime, as the two powers that i I:)e ines , Ul cog,
PF.== (1) PF.=—= h=1 (2)
S S ul

Assessment of the relations depending on the
operating mode, sinusoidal or non-sinusoidal, gingl where h is the harmonic rankingy, and I, are the
phase or three-phase, symmetrical or asymmetiezzd, effective values of voltage harmonic components,
to different interpretations and values, which iwes respectively, of electric currerlt) andl are the effective
different effects on the power system and differgays values of the voltage curves, respectively, forcteie
of approaching problems for the adoption of meastoe  current; - phase angle between the voltage and current
increase the value of power factor. Generally tbegy curves of harmonics by rark

factor is a measure of incomplete capacity utilzaof - the ratio of active power P and apparent power
transfer in power system elements given that etedtr  partial S *:
installations are designed for the apparent povegrster ¥ )
(electric current) but the consumer receives loagtive U,l,coy ,
power (power output) if the power factor is low. P.F.¢C= B — h=l ©)
In the simplest case of a consumer phase, in the S¢ lpz +Q2

sinusoidal regime, power factor P.F. defines tlesgnce

of reactive power Q. Where the reactive power Q is determined from the

relation
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¥
Q= Ul,sin/, (4)
h=1 In alternating voltage electrical installations
- as the ratio between the active power d&hd characterized, electrically, through a scheme waittive
apparent power ;Scorresponding to the fundamental elements (resistors) and reactive components (coils

harmonic (h = 1) capacitors), in the absence of nonlinear elemémse is
¥ . an active power transfer from source to receiver,
U,l, coy , correlated with consumer requirements, and with
|:>_|:.:ﬂ=_h=l =CO$/1 (5) reactive power transfer Q. If receivers from use

Sl U1|1 installation have an inductive character, the eiect

current curve is out-of-phase (figure 2) and reessiare
dconsidered reactive power consuming and the reactiv
power is considered positive (Q>0). In the caséoatl
current curve is leading voltage curve respective
receivers are considered, conventionally, as ssuofe
reactive power and reactive power is considereatnes

For the case of an asynchronous motor supplie
through a frequency converter, the harmonic electri
current is practically in phase with the fundameénta
harmonic voltage (inductive phase angle 4 degrees).

Using the value of P.F. different by the 1, forirsig
the capacitor, used to improve power factor, in&t (Q<0).
indicated, because it leads to significant disauniin
the supply network, (produced by the operation of
receiver in capacitive regime and intensificatidmon-
sinusoidal regime which has the effect of reduding
power factor P.F.). Therefore the dimensioning o t
capacitor can only be based on power factor PF E DP
(Displacement power factor) = 1,0.

3. THE POWER FACTOR IN THREE-PHASE
CIRCUITS

Analysis of the power factor in three-phase ciguit
may be achieved per phase. This type of analysis is
justified, in particular, for the users, given ttiéferent
characteristics of load on the three phases. Theesa
used by three-phase power factor R pnase that mean
over the three phases, may provide useful infoonati
only when the characteristics of the three-phaad kre
the same.

Figure 2 The outphasing of inductive electric eatr
curve and capacitive electric current curve

The main receivers that consume reactive power
are: Induction motors, under excited synchronous
machines, transformers, electromagnetic induction
ovens, coils, lamps with gas discharge and metaba
Elements that produce reactive power are overakcite
synchronous machines, static capacitors, high gelta
(©6) overhgad power lines or power lines in the cable.

Induction motors are the most important consumer of
reactive power.

P

__ ' three phase

P.F.

Sthree phase

The value for three-phase active power results as, THE TECHNIQUE USING A STANDARD

the algebraic sum of active power,,PPs and R MICROCONTROLLER WHICH MEETS
transmitted on the three phases of the electrieVork: EMERGING STANDARD

Piree phase = Pa t P + P (7) The digital technique illustrated, allows the cutre

waveform drawn from the mains to be synthesized and
to adapt its amplitude to particular requirements.

A voltage pre-regulator is used to boost topolagy t
generate 400 V DC voltage. This DC voltage is ratpd

Can be defined two three-phase apparent power:
a) algebraic three-phase apparent power S

A _
S _|§A|+|§B|+|§C| by an ST9 microcontroller. The microcontroller also
b) geometric three-phase apparent poweér S manages the harmonic reduction and other safety
G _ features.
S® =[S, + S, + S|

It is obvious that the geometric three-phase appare
power § is less than algebraic three-phase apparent
power & , making the algebraic three-phase power
factor P.F’fthree_phaseis less than geometric three-phase
power factor P-ﬁthfree—phast{P-F:Athree-phase< P-F-Gthree-phas)?
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Figure 3 Full wave bridge rectifier generates pailse
current inducing multiple harmonics currents

The current drawn from the mains is pulsed at each
peak of the line voltage. This pulsed current getesr
multiple harmonic currents and gives a poor power
factor, between 0.5 and 0.7. This power factor duoss
comply with the permissible amplitudes of the vasio
harmonic constituents defined by the present afiréut
standard. It is possible to put the harmonics Euelder
the standard limits and to draw from the mains a-no
sinewave current.

Figure 4 Pre regulator power factor corrector dingw
from the mains a non-sinewave current

If one should consider to study the voltage
regulation principle and the simplified diagram winain
fig. 5, the output capacitor value,fcat 220 F then the
power varies from 0 to 400 Watts under a fixed autp
voltage of 400 V. The current generator supplyihg t
output current J; is a boost stage regulated in current
mode. The reference voltagg.Mfesults from the filtered
PWM duty cycle generated by the microcontroller
multifunction Timer.
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Figure 5 Principle of a pre-regulator controlledab
microcontroller supplying a load with a regulated

voltage
The duty cycle variation is
D' =50" Dl o sy andV;,, =220/,
C =220nF andV,, =400/ ;

out

The new PWM duty cycle will be
dy, =0,y +Dd. ©)

- Vi and the current
change (1o necessary to complete the capacitor charge

during a fixed time Dt ) is:

D .= -C

The voltage erroe, =V,

eﬂ.

; 9)
DT

The duty cycle variation necessary to compensate
the voltage error

e
Dd,,. = -50C—"
) DT

If we considelC = 220nF , DT =50ms we get

the relation

=S’ g, (10)

22040° »g,
50>1C°°

Dayy= - 50 0.2e, (11)

5. CONCLUSIONS
Software security functions can be easily
implemented due to the periodic output voltage
measurement. This measurement is automatically
performed every millisecond through the microcoltgro
A/D converter.

A low power factor leads to a number of problems
such as, the number of receivers that can be ctethéz
the same central is directly proportional to theveo

factor. Loss of voltagddU , loss of powerDP and also

of energy DW are active loss power and they are even
higher as the power factor and the voltage is lower

Consumers who have large induction coils (some
electrical machines, transformers, etc.) produdt afu
phase for the absorbing currenThey demand a
significant reactive power, thereby causing deeals
the source power factor supplying network.

The problem of improving the power factor of the
installation electric energis one of the most important
economictechnical problems.



Constanta Maritime University Annals

Year XV, Vol.21

6. REFERENCES

[1] Atanasiu Ghe. Mani electrice, Litografia U.T.
Timi oara, vol.1, 1994
[2] Babescu M. Mani
Timi oara 1991- 1992

[3] Abbos M., Novotny D. The Stator Voltage-
Controlled Source Inverter Induction Motor DrivEHE
3/1982

[4] Watson G.O. Marine Electrical
Edition, London, 1986

[5] Spravocinic Sudovovo Electrotehnica, vol. |, I,
Izdatelstvo “ Sudostronie”, Leningrad, 1975

[6] *** Compatibilitate electromagnetic Tehnici de
incercare i m surare Ghid general relativ la

m surarea armonicilor i interarmonicilor ca i la
aparatele de msurare, aplicabil in recaua de
alimentare i pentru echipamentul conectat la aceasta
SR CEI 61000-4-30/2001.

electrice, Probleme 1,

Practice, 5th

128

[7] *** Testing and measurement techniqueswer
Quality Measurement MethodSEI 61000-4-30/2000.
[8] Golovanov Carmen .a., Metode moderne de

m surare Tn electroenergetic Editura tehnic,
Bucureti, 2002.
[9] *** IEEE Trial-use Standard Definitions for the

Measurement of Electric Power Quantities Under
Sinusoidal, Nonsinusoidal, Balanced, or Unbalanced
Conditions IEEE 1459/2000.

[10] *** Guide to Quality of electrical supply for
industrial installations Part 4. Voltage Unbalance
Working group WG 2 “Power Quality” 1998.

[11] ** Power Quality in European Electricity
Networks Eurelectric, February, 2002.

[12] ** Voltage characteristics of electricity supplied
by public distribution system&N 50160/1999.



Constanta Maritime University Annals Year XV, Vol.21

THE INFLUENCE OF PROPULSION FACTORS ON THE FUNCTION ING REGIMES
OF A NAVAL POWER PLANT

LUPCHIAN MARIANA
“Dunarea de Jos” University of Galat, Romania
ABSTRACT

This paper presents determining the factors primgedl marine power plants.

The ship must carry the parameters for which it wasigned and built, thus satisfying all the techhiand
economic aspects.

For the successful design of a thermal plant, retpuired to estimate the major costs involved¢dosider the
various assumptions, make predictions about the@u, technological, legislative aspects and ® t@shniques of
engineering economics.

The operating regimes of propulsion engine dependshe type of ship, sailing under constructiofi, propeller
type and mode of transmitting power from the endginthe propeller.

Keywords: ship’s speed , deadweight, ballast, engine, prepell

1. INTRODUCTION
The ship is equipped with three Diesel generators,
A naval power device consists in propulsion each with many 6 cylinder in-line power of 960 kW,
installation, electricity works of the ship and the speed 900 (rpm) [5,6].
installation of auxiliary ship boilers (steam bojle
The propulsion engines operating in different The power of towing of the ship:
exploitation conditions determined by the technical
condition of the ship and the propulsion plant and Pem =R v [KW] (1)
external factors that have an influence on the atjer.
Power plant with internal combustion engine is a P _th f towi fth |
heat power plant mainly processes the chemicalggner "™~ € power ot towing of the vesse
of fuel used, and transformed into heat energy from Rt [kN] - the resistance to progress of the ship
combustion processes and mechanical work necessary [m/s] - vessel speed.
technical then its consumers.

In general for an energy plant with internal Figure 1 shows the resistance to progress of tipe sh
combustion engines are subsystems [3,4]: d di the ship' d VINdI - shio’ i
- internal combustion engine; epending on. @ ship's speed v[Nd] - s I.ps sp Rt
- consumer (consumers); [kN] - the resistance to progress of the ship @siland

- mechanisms and installation auxiliary of the emger full load).
internal combustion engines.

2. CASE STUDY 800

750 | | =Rt (ballast)

The tanker is equipped with a single propeller, the
propulsion of the vessel being provided by a diesel
engine, MAN B & W with 6-cylinder. 650 1

The manufacturer is running a trial race at fuddp 600 -
ship ballast water is high, the draft of 10.50 [m].

Propulsion of the ship is provided by a fixed pitch
propeller that allows modification propulsion
performance by adjusting a single parameter functio 450 |
speed propeller.

200 | | —Rt(tull load)

550

Rt [kN]

500 4

400

Particulars of ship 350 1

-length overall: 179.96[m], 300 |

-beam of ship: 32.20 [m], 250 ‘ . ‘ . .

-height: 16.50 [m], 1 12 13 14 15 16 17

-speed of service: 15 [Nd], vINd]

-Dw - deadweight-ul = 37000 [t] Figure 1. The resistance to progress of the ship

-engine power: 9480 [KW], 127 [rpm],
-deadweight in the sea water is 37000tdw
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The main engine of a ship is the main consumer of 5., - 800
fuel and major energy manufacturer on board.
9000 -
The expression efficiency propulsion: ~ 700
8000 -
P E 7000 - 1 600
pr P =
el 5 6000 P
o 500 =
) £ 5000 - Z
- pow iv &
P5| - power needed to drive the propeller
4000 + + 400
E ’n 3000 |
I:)el - |\/lel W= |\/lel 30 3) 1 300
2000 -
- Mg [kNm] - the effective moment of rotation of the 1000 - - - ‘ 200
11 12 13 14 15 16
propeller ship's speed [Nd]

- n [rot/min] - engine speed, ) )
Figure 2. The dependence of power of towing of the

The engine propulsion is coupled directly to the ship, the power required to drive the propeller,
shafts thus the transmission ratjo=i 1 and therefore.n engine power propulsion and the resistance to
= M= N progress of the ship (full load)
_ R>v The functioning regimes for naval propulsion plants
h PP o (4)  are determined by the mechanic characteristicshef t
Mg L functioning of internal combustion engine, power
30 transmission and the ship.

1-t _ Figure 3 shows the resistance to progress of the
1- w =y (®) ship, the power engine and the resistance to psegvé
the ship (ballast) [2].

t — coefficient of suction [1];

w — the coefficient of slipstream. 9500 700
The power needed to drive the propeller will be: 8500 | %0
+ 600
7500 A
P, = Fem - ROV (6) g 1 550
el — - Y
hpr /70 >¢7H >¢7R % 6500 1 500
Py
;— 5500 1 1 450 ;;_
/7H % the influence coefficient of the hull Z 4500 Lao
£ ]
Ny - the coefficient relative of rotation x 1 350
3500 A
. . . + 300
The engine power at line of shafts is [7]:
2500 1 250
P P 2V 1500 : : . . 200
Pn= —el -__'rem R (7) 1 12 13 14 15 16
hla hpr >¢7Ia /70 >¢7H >¢7R >¢7Ia
ship's speed [Nd]
h;...=0,98 - the efficiency of the naval propulsion plan Figure 3. The dependence of power of towing of the
line of shafts; ship, the power required to drive the propeller,
_ ) engine power propulsion and the resistance to
Notations: y - the vessel speed (ballast);-rengine progress of the ship (ballast)

speed (ballast);yv— vessel speed (full load);,n engine
speed (full load).

The ship must carry the parameters for which it was
Figure 2 shows the resistance to progress of thedesigned and built, thus satisfying all the tecaAhind
ship, the power engine and the resistance to pgegré ~ economic aspects.
the ship (full load).
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3. RESULTS OBTAINED
Table 1. the results obtained for the propulsiandis (full load)
Speed of the ship
No.crt. NAME Notation  Unit. [Nd]
12.00 13.57 14.87 15.38
1. ;E‘i‘; resistance to progress of the o KN | 390.400| 504.18¢ 619.075 677.525
2. Ship’s speed R m/s 6.173 6.980 7.649 7.911
3. The engine speed mn rot/min 94.38 109.42 121.87 126.76
4, Propeller efficiency 0 0.6151 0.6661 0.6856 0.6849
5. Propulsion efficiency I 0.7205 0.7014| 0.7034 0.6795
6. Ig:sgf""er of towing of the Prem KW | 2400.861 3519.4264735.383 5360.218
7. E&";‘Z“chessafy todrivethe | o KW | 3344.740 5017.6006732.600 7889.000
8. ;E‘aeﬁpo""er o the intermediate| KW | 3413.000 5120.0006870.000 8050.000
0. ggﬁgi”g'”e power at coupling| p, KW | 4019.154| 6029.3208090.123 9479.692
Table 2. the results obtained for the propulsicilést)
Speed of the ship
No.crt. NAME Notation| Unit. [Nd]
12.00 13.57 14.87 15.39 16.00
1. ;E‘if) resistance to progress off kN | 310.990| 430.000 560.000 637.00896.440
2. [Ship’s speed Y m/s 6.173 6.980 7.649 7.911 8.23D
3. |The engine speed p N |rot/min| 90.553 | 105.500 118.20p0 123.3Pp029.500
4. |Propeller efficiency 0 0.5305 0.5574| 0.5720 0.5738 0.5705
5. [Propulsion efficiency Ao 0.6642 | 0.6644| 0.6673 0.673L 0.6547
6. \Tgsesefo""er of towing of the 5 | 1w |1919.6743001.575 4283.51245039.6045731.98(
7. Er‘z)"ggler”ecessary to drive | o kW | 2890.314 4517.80d 6419.000 7487.200 8755.222
8. ;:‘zﬂ power to the intermedis 5 | |\ | 2949.304 4610.00d 6550.000 7640.00| 8933.900
0. ggﬁgee@'”e power at couplit |\ | 3473.100 5428.749 7713.2908996.87610520.574
During the design, manufacture, repair, there is
4. CONCLUSIONS consumption of raw materials, labour, energy, eataid
by the appropriate cost.
With resistance to progress was calculated power They must be evaluated so that their operation is
required to motor flange, considering vyields of carried out rationally, with a profit.

propulsion, propeller shafts, bearing in mind thaime Choosing the type of propulsion system must be the
yields depend on ship speed. result of a technical-economic analysis that takes

The resistance to progress is one of the mostconsideration all factors that depend on the sadbip
important qualities for navigation, which dependstbe and economically operation.
power of the propulsion system.

For propulsion plant study appears the need for a5.
method of estimating the required propulsion power.

The operation of the vessel must take into [1] BIDOAIE I., SARBU N., CHIRICA I, IONA O.-
consideration the parameters for which it was dexig Indrumar de proiectare pentru teoria nayei
and built, thus satisfying all the technical and Universitatea Dunarea de Jos, Galati, 1986.
economical aspects, competitiveness included. [2] CARAGHIULEA M.- Study on estimation of

resistance to the submission on oil tanker of 37@00Q
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THEORETICAL INVESTIGATION OF THE ADIABATIC SATURATE D TWO - PHASE
FLOW — THE SEPARATED FLOW MODEL

MEMET FEIZA
Constanta Maritime University, Romania
ABSTRACT

Heat exchanges specific to refrigeration are coselenand evaporators; these present a fairly umifaall
temperature.

The aim of this paper is to offer an algorithm the analysis of the adiabatic saturated two-phkse, fon the
basis of saturated flow model.

The importance of such a model results from thé& lafcattempts in this respect, being found moreaeshes
regarding the single phase flow.

Also, the study is about the flow of a pure fluid,marine refrigeration being met many situatiomsahich the
refrigerant is a pure fluid.

The separated flow model considers different prigggeand velocities for the two phases. Will beegivequations
involving the first and second laws of thermodynesniin accordance. Will result a presentation @& #@mtropy
generation under this flow condition.

By the help of the entropy generation number il wé possible the performance assessment of heatprges
with phase change.

Keywords: heat exchanger, two phase flow, entropy.

1. INTRODUCTION So:

d
Heat exchangers are often used in different ds= dsgen"’?Q ®3)
industrial sectors, in refrigeration being met heat
exchangers with phase change, namely evaporatdrs an  gometimes Shis also noted as,3hus:
condensers.

Heat transfer process is irreversible, for thissoza dS=dS +ds, (4)
efforts of engineers are directed towards decrgasin
these irreversibilities. )

Entropy (S) is the measure of the level of disorder ~ APove, dS >0 s the entropy change due to
of a system. Even if it is difficult to assess ttmal dQ

entropy of a system, it is easy enough to measure'memaII process ancdsez? is the entropy change

changes in entropy. due to external flow of entropy through the frontie

This change (S) is expressed by: Integrating relation (2), results:

_bQ d
DS=—= 1) Sgen =DS- ?Q (5)

where, for a thermodynamic systemQ is the heat This paper deals with the theoretical analysisrof a
transfer at temperature T. adiabatic saturated two phase flow, considering the

The second law of thermodynamics can be stated inseparated flow model.
terms of entropy, this law being known also as “lafiv The separated flow model considers the phases to
entropy”. be artificially segregated with constant but not

When a reversible process occurs, there is no netecessarily equal velocities for the vapour andidiq
change in entropy. phases.

But in an irreversible process, entropy can only This flow model ask for information of either the
increase, resulting always a positive change imopgt  void fraction or slip effects and friction effects.
(Bejan, 1996). Will be found the total pressure gradient in the

For irreversible processes occurring in closed separated flow and the enthalpy rearrangement leetwe
systems, entropy generation (production) is the the phases due to the spontaneous flashing effebeo

difference between entropy increase and entropy:. flo two phase flow.
Will be involved in the analysis the concepts of
ngen=dS—d—Q3 0 ) entropy generation and entropy generation number,

which are basis for thermal optimization.
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2. FIRST LAW APPLIED TO THE SEPARATED It is possible to obtain, by using the Clapeyron
FLOW MODEL equation (eq. 14) the following for “dx”:
In this model, the two phases are seen to be dp _ hy
segregated with different properties and mean v&sc dT.  T.v. (14)
By having different velocities, vapour and liquitigses sat  Tsatlv
move on different distances for the same time|rdthe
two-phase flow region, liquid flashes into vapouwn dx = aQ
the reduction in pressure. my,hy,
The enthalpy rearrangement between the vapour VTG +hev (15)
and liquid phases due to the spontaneous flashfagte LV sttt | v T AP fasing efect
will be found after writing bellow formula; it tusnto be hﬁ,
influential for high pressure drop (Revellin et2009).
For the adiabatic two-phase flow, the quality (mass The void fraction () is expressed by the help of the
dryness fraction), x, is calculated as bellow, defireg slip ratio ( =w,/w,):
on the mass flow rates of vapour (subscript “v"dan
liqui ipt “I"):
quid (subscript “I") oc XV, (16)
m XV, +G(1— x)vI
X=—Y (6)
my, +m Because the void fraction is affected by the qyalit

and the pressure, results (Wong and Ooi, 1996):
Resulting specific enthalpy (h), specific entrogy (

and specific volume of the two-phase (subscrigt)‘tp qa v,
K T xv +al- xiv )
hyp =xh, +(L- x)h, (7) P | 17)
_ (Vv - G‘/I)XVV
Sip = XS, +(1- x5, (8) [v, +&t- x)v]?
_ and:
th = XVy +(1' X)VI (9)
: , . fla
According to the first law of thermodynamics and — =
neglecting the kinetic and gravity terms results: TP,
dQ d devv +elt- X)% 19
—= =h,dx+|[xds, +{1- x)ds|Tey+ v P P
m, [xds, +(2- X)ds [Tea (10) i xd—F‘)’xvv +G1- x)v, - v,

+[XVV +(1' X)V|]dp= hIVdX+Cx,tpdeat+thdp -

[xv, +Q{L- x)vi]
Stating that abovedQ is the heat introduced, Noting by letter “z” the axial direction or length,
subscript “m” means total mixture, p is the pressamd ~ Pressure drop along the tube is found involving the

T is the saturated temperature, bellow it is givies t Pressure drop due to tube wall friction:
formula for the heat capacity of the two-phase flow

when the quality is constant: _dp +E
dp _ dz ¢ !
Cx,tp = ch,v +(1' X)Cx,l (11) ) E T B % (19)
dz ?
for which:
d Where terms Fand b include the mass velocity
Cxl = Tsat _SI (12) (G):
deat x=0
s, F=G? 2xv, 2A1- x)v, ]
Cyv = Tsat ——— (13) a 1- a
X,V sat
deat x=1 2 (20)

x?v, (- xfv; fa

a’  (-af X,
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B , x2dv, (1_ x)2 dv, _ The entropy generation rate for the entire condense
F=1+G" ———+—""——-- is:
a dp 1-a dp
2 2 (21) T
X Vy (- x)°v, Ta Sgen= - (mr), +(mcp)ln < (26)
a?  (1-af T, ho

In eq. (26), r — latent heat and subscripts c, fefer
to the cold fluid, hot fluid and outlet.
The entropy generation number in this situation is:

3. SECOND LAW APPLIED TO THE
SEPARATE FLOW MODEL

Considering the adiabatic flow of the saturated-two

phase system and the second law of thermodynamics B Th; (1 —NTU)
written for a control volume of dz, can be obtaire t Ng=In 1+ 7 -li-e -
entropy generation rate per unit length, in retatmith K (27)
T — the superheat of the wall: T.
. 1. (1 —NTU)
Th,
g _dQ bT +MmVep  dp 22) NTU is the number of heat transfer units and it is
1 dz 2 DT Teat dz calculated with a formula involving the overall bhea
Toa 1+ — transfer coefficient (k), the heat transfer surfégethe
sl flow rate, m . Thus:
Because the superheat is less than the saturation A
temperature and considering a constant perimejeof(P NTU =k—= (28)
the tube with respect to z, results that the egtrop mCp
generation rate is due to the heat transfer cartob
and to the pressure drop contribution, as seeq.i{28): Writing the relation for the total quantity of heat
exchanged in the condenser as:
2
__qP  MnVy dp (
= —_ " 23) ={mc, ) DT, 29
S 12 Tz Q={mc,).DT, (29)

By using relations (26) and (29), it is possible to

Above, q is the heat flux andis the heat transfer _ . .
obtain the entropy generation per unit amount ait he

coefficient at the tube wall.

exchanged:
4. ASPECTS OF IRREVERSIBILITY IN HEAT
EXCHANGERS FOR REFRIGERATION Sgen= ) 1 \x
. Q DTO(\l— e NTU)
From the second law of thermodynamics, the (30)
entropy variation between inlet and outlet portstiuf dn 1+ Th 1 @ o NTU) 1
heat exchanger is as bellow (Hermes, 2012): o T,
(|
1 Q . _
So- S = T_S+sgen (24) in which:
DTy =Ty - Tg (31)

where T is the surface temperature.

The dimensionless rate of the entropy generation, Similar equations may be obtained for the
noted as Nis used to assess the irreversibility loss in evaporator.

heat exchangers; the smaller the entropy generation From eq. (27) and eq. (30) it might be understood
number, the better the performance of the heatamggr a- (27) a- (30) it mig a

is expected to be (Bejan, 1977). So: the influence of NTU over Nand Sgen/Q . Increasing of
NTU will be found in the increase of;nd decrease of
N, = (25) Spen/ Q-
* mc

P 5. CONCLUSIONS

According to Xu and others (Xu et al, 1996), ] ) o
evaluation of irreversibilities in condensers and It is exposed theory proper for the investigatidn o
evaporators can be made as follows. the adiabatic saturated two-phase flow, the sepdrat
flow. This model asked for data on the void fractand
slip or friction effects.
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Entropy generation assessment for such a flow is[2] BEJAN, A., Entropy generation minimizatiolGRC
useful for condenser and evaporator optimal design.Press, Boca Raton, New York, ISBN 0-8493-9651-4,
Thus, were given relations for writing the entropy pp.205, 1996
generation number and entropy generation per unit[3] HERMES, C.J.L., Thermodynamic design of
amount of heat exchanged. condensers and evaporators: formulation and

The number of heat transfer units (NTU) affects the applications,Proc. of International Refrigeration and Air
above mentioned: increasing NTU leads to incredse o Conditioning Conference at Purdue, Italy, July B%-1
entropy generation number and decrease of entropy2012
generation per unit amount of heat exchanged. [4] REVELLIN, R., LIPS, S., KHANDEKAR, S.,

The utility of this statement is reflected by tleetf BONJOUR, J.,Local entropy generation for saturated
that the smaller the entropy generation numbethis, two-phase flowEnergy, No.34, pp.1113-1121, 2009
better the performance of the heat exchanger iscted. [5] XU, Z.M., YANG, S.R., CHEN, Z.Q.A modified

entropy generation number for heat exchangerspf
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ASSUMPTIONS OF FIRST AND SECOND LAWS OF THERMODYNAM ICS
DELIVERED TO FUTURE MARINE ENGINEERS IN CMU

MITU DANIELA-ELENA
Constanta Maritime University, Romania
ABSTRACT

From technical point of view and from environmergalnt of view, and also for a sustainable develepthof our
society are needed tools which enable to analysefflects of human activities, including maritimartsport.

For this reason the education of future marine regyss is in closely connected to environmentalgmtadn. With
the development of shipping industry appeared sdseral of undesired and negative effects.

The paper is focus on needed to knowledge andderatanding of the thermodynamics laws, tools wisiobuld
be at hand of future marine engineers.

These competences should be gained during mastencatash, through a discipline called
“THERMODYNAMICS” included in the curricula of thedense program entitled “NAVAL ELECTROMECHANIC”,
developed in Constanta Maritime University.

Keywords: Thermodynamics, First law, Second law, Kelvin-Plasatement, Clausius statement

1. INTRODUCTION 2. ABOUT THE FIRST LAW OF
THERMODYNAMICS
Thermodynamics occupies a very important place
in the arena of modern science, engineering and Energy cannot be created or destrotld
technology. It is a basic discipline for engineers, fundamental law of nature, more properly known as
including marine engineers. conservation of energy, is familiar to anyone wtas h
Thermodynamics is the science of heat and studied science. Under its more formal name ofRingt
temperature and, in particular, of the laws govegrthe Law of Thermodynamics, it governs all aspects of
conversion of thermal energy into mechanical, eleat energy in science and engineering applications.
or other forms of energy. It is a central brancls@énce The first law of thermodynamics states that energy
that has important applications in chemistry, ptgsi  can be converted from one form to another but cabeo
biology, and engineering. It is a completely logica created or destroyed. Furthermore, because enengy c
discipline and can be applied without any sophastid be changed from one form to another, the energyblps
mathematical techniques. The immense practicalevalu one system can be gained by another system in a
of thermodynamics lies in the fact that it systdpest different form. For example, the energy lost byriog
the information obtained from experiments performad  oil in a power plant may ultimately turn up in cuwmes
systems and enables us to draw conclusions, withoutas electrical energy, heat, light, and so on.
further experimentation, about other aspects ofsdrae Put another way, this law says that the total gnerg
systems and about similar aspects of other systdms. of the universe is a constant. During an interactio
allows us to predict whether a certain reactionl wil between a system and its surroundings, the amdunt o
proceed and what the maximum yield might be. energy gained by the system must be exactly equhkt
Thermodynamics is a macroscopic science amount of energy lost by the surroundings. A rock
concerning such properties as pressure, temperatode  falling off a cliff, for example, picks up speed asesult

volume. [6] of its potential energy being converted to kinetergy.

In  Constanta Maritime University (CMU), The first law deals with macroscopic properties,
Thermodynamics is delivered to students enrolled in work, energy, enthalpy, etc.
Naval Electromechanics, during 2 semesters, 140shou A way of expressing this law is that any change in

The thermodynamics objective, according to the the internal energy of a system is given by the stithe
Appendix 3 from STW44, IMO Model Course 7.04, is heatQ that flows across its boundaries and the waétk
the capacity of translating in practice theory gdin  done on the system by the surroundings.

during theoretical courses, obtaining solutionsgecific

engineering problems and the ability of communiti DU =Q+W (1)
these results. The purpose of this discipline is to
demonstrate a knowledge and understanding about:
thermodynamic properties, thermodynamic energy,
thermodynamic system, energy change, heat transfer
vapours, and theoretical cycles of thermal machines
ideal gases, thermodynamic processes, work trgnsfer
heat exchangers, and moist air.

This says that there are two kinds of processes, he
and work, that can lead to a change in the intexnatgy

of a system. Since both heat and work can be megsur
and quantified, this is the same as saying thatchayge

in the energy of a system must result in a cornedjng
change in the energy of the world outside the sysia
other words; energy cannot be created or destroyed.

137



Constanta Maritime University Annals Year XV, Vol.21

The first law of thermodynamics, a simple re-
statement of the conservation of energy principle &
closed system or control mass, may be expressed as

follows:
Q- W =DE @)
where:
Q - net heat transfer across system boundaries,
Q= Q- Qo _ Figure 1 The process is not possible (Kelvin-Pinc
W - net work done in all forms,
W= W_,- W,; In exceptional cases, if the width of the tables or
DE - net change in total energy of system figures is bigger then the width of a column, thilés or

' figures can occupy the entire width of the pagehthe

DE=E,- E. condition that they do not exceed the limits of the
The total energy of a system is considered to beprinting area established by the page format.

comprised of three parts: internal energy, U, kinet 2. Clausius statement of the second law: No proisess

energy KE, and potential energy PE. The changetalt possible whose sole result is the transfer of frea a

energy DE is: cooler to a hotter body.

DE = DU + CKE + DPE 3)
For stationary closed systems, the changes in

kinetic and potential energies are negligible, tedfirst
law relation reduces to:

Q-w=DU 4)

For a cyclic process, the initial and final stades
identical(DE = 0) . Therefore,

Q-W=0 Q=W . ) Figure 2 ForT; <T,, no process is possible (Clausius)
3. There exists for every system in equilibrium a
3. ABOUT THE SECOND LAW OF property called entropy, , which is a thermodynamic
THERMODYNAMICS property of a system. In loose terms, entropy is a
measure of the amount of disorder within a system.
The second law, however, is probably better known For a reversible process, changes in this property

and even more profound because it describes thtslim are given by:
of what the universe can do. This law is about
inefficiency, degeneration and decay. It tells lisva do ds= (ereversibQ /T (6)
is inherently wasteful and that there are irrevdesi
processes in the universe. It gives us an arrowirfioe
and tells us that our universe has an inescapdbbkb
desolate fate.

It comes to complete the first law of
thermodynamics and it can be expressed in sevengd.w
According with this law, energy is destroyed during

The entropy change of any system and its
surroundings, considered together, is positive and
approaches zero for any process which approaches
reversibility.

process. dSew 2 0 (1)

In contradiction with the first law, the second law
of thermodynamics deals with concepts as entrogy an For an isolated system, i.e., a system that has no
exergy. interaction with the surroundings, changes in tystesn

There are several ways in which the second law ofhave no effect on the surroundings. In this case fitst
thermodynamics can be stated. The three stateroénts and second laws become:
second law of thermodynamics are listed below:

1. Kelvin-Planck statement of the second law: No DE, <em=0,

process is possible whose sole result is the atisorpf Y 8)
heat from a reservoir and the conversion of thit freto DS,stem® O

work.
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For an isolated system the total energy (E = U + Unlike energy, exergy is consumed due to
Kinetic Energy + Potential Energy +...) is constartie irreversibilities taking place in all real processd@hus,
entropy can only increase or, in the limit of aesible the second law of Thermodynamics can be stated as:
process, remain constant. exergy is always destroyed, partially or totalBj [

Exergy’s application indicates clearly the location
of energy degradation in a process and allows one t
quantify the loss of efficiency due to the losstbé

the best that can be done. _ ~quality of the energy, thus indicating where thegess
All of these statements are equivalent, but thelthi  can be technically improved. [3]

statementgives a direct, quantitative measure of the
departure from reversibility.

The limit, S, =constorS,, =0, represents

The simplest way to define the second law being EX=EXpy + EXey + BXor +EXy (12)
that heat will naturally flow from a hotter to alder _
body. The entropy of an isolated natural systenl wil Where Ex- the physical exergy,
always tend to stay the same or increase — in other Ex« - the kme‘ug exergy,
words, the energy in the universe is gradually mgvi EXer - the potentllal exergy
towards disorder. In a closed system, heat cannot Excw - the chemical exergy.
spontaneously flow from a cold object (low entropypa
hot object (high entropy).
Entropy is not a familiar concept and it may be 4. CONCLUSIONS
helpful to provide some additional rationale fos it N ) _
appearance. Looking at the first law, In  Constanta Maritime University (CMU),
Thermodynamics is delivered to students enrolled in
dU =dQ- dw ©) Naval Electromechanics, during 2 semesters, 14@shou

Course objectives comply with STW44, IMO Model
. . Course 7.04, and want to demonstrate a knowledde an
the term on the_ left is a function of state, whiie two . understanding about: thermodynamic  properties,
terms on the right are not. For a simple compréssib thermodynamic energy, thermodynamic system, energy

substance, however, we can write the work done in achange, heat transfer, vapours, and theoreticaésyaf

reversible process @iV = PdV, so that thermal machines, ideal gases, thermodynamic
processes, work transfer, heat exchangers, and aiois
dU =dQ- PdV (10) Process analysis of thermal systems is based on the
first and second laws of thermodynamics.
The equation (10) represents the first law for a  The efficiency of first law (energy efficiency) and
simple compressible substance, reversible process. of second law (exergy efficiency) may indicate ways

The second law tells us that the intensive variibline ~ Optimize thermal processes. According to the sedawd
temperature, T, and the extensive state variablnds  ©Of thermodynamics, the performance of a process or
entropy, S. The first law for a simple compressible System can be expressed in terms of degradation of

substance in terms of state variables is thus available energy (irreversibility), 15T Sg, the “0” is
standing for the dead state (atmospheric conditiarse
dU =TdS- PdV (11) second law efficiency (exergy efficiency) is indiog us

how much we get out compared to the maximum
possible we could obtain, being known the inlet and

Because equation (1ijcludes the second law, it is .
q (Liny outlet conditions.

referred to as the combined first and second law.
Because it is written in terms of state variabies true
for all processes, not just reversible ones.

The first law of thermodynamics only deals with 5.

the magnitude of energy and does not refer toutdity, [1] GAGGIOLI, RA., Available energy and exergy

while the second law of thermodynamics states that : . )
energy is featured both by quantity and quality. [2 International Journal of Applied Thermodynamicsl (
Exergy is defined as the maximum work that can be 4): 1-8, 1998 . .
produced by a steam of energy or matter, or from a[2] 'I\AEMET’ F., Theoretic basis of energy andl exer?y
o ; R o analysis Constanta Maritime University Annals, Vol.
system, as it is brought into equilibrium with derence 16, pp.159-162, 2011

environment. Other definition is that exergy is reees
the quality of energy. This concept is based ot fiost [3] MEMET, F.‘ STAN, L., BUZBUCHI, N LCA. and
Exergy Analysis- new tools of future marine engis¢e

and second laws of Thermodynamics. [4] evaluate Diesel engined3" Congress of Intl. Maritime

The classical analysis method based on the fivst la .
of Thermodynamics consists in writing the equatidn ?;-ngloogt Mzegggrranean IMAM 2009, Istanbul, Turkey

energy balance. This practice offers no information I
; ; L [4] MEMET, F., MITU, D.E., A study initiated because
regarding the degradation of energy occurring ia th of a global warming from R 134aModTech

process. [5] These limitations are overcome by the ; . .
exergy method of analysis International Conferences, Modern Technologies in
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COMPARATIVE NUMERICAL ANALYSIS OF LARGEST LYAPUNOV  EXPONENT
CALCULATION TECHNIQUES

DELEANU DUMITRU

Constanta Maritime University, Romania
ABSTRACT

Detecting and qualifying chaos in a dynamical sysig an important issue that is solved by computiveglargest
Lyapunov exponent, which measures the average exgpiahrate of convergence or divergence of nearbyts in the
phase space of the considered dynamical systethislarticle, we consider two approaches for coinguthe largest
Lyapunov exponent: orbit separation method and panethod. These techniques are briefly reviewedapplied to
two discrete-time dynamical systems, Lorenz map &uinowski-Mira map, and the results are compared an
discussed.

Keywords: Lyapunov exponents, order and chaos, discrete dipadsystems.

calculate the entire Lyapunov spectrum from a det o
1. INTRODUCTION differential equations was developed independebjly
Bennedin et al. [9] and by Shimada and Nagashir@h [1

According to Strogatz, chaos is an aperiodic long- and is based on Gram-Schmidt orthonormalization
term behavior in a deterministic system that exkibi procedure. Other methods, based on the group-
sensitive dependence on initial conditions [1]. theoretical representation of orthogonal matricesre

In the last decades, due to its applications, theproposed by Rangarajan et al. [11] Wolf et a|mged
problem of detection and qualifying chaos has becom g method to estimate one or two positive exponieats
an important issue for the scientists in the fielfl a time series. Sano and Sawada [12] and Eckermann e
nonlinear sciences. At present, there are an istt@a  a|. [13] developed similar procedures to determine
number of methods employed to detect chaos inseveral exponents, including positive, zero andneve
dynamical systems, such time series, phase psitrait negative values. Their techniques require relativehg
Poincare maps, power spectrum, bifurcation diagram,time series and/or data of high precision, but sseries
Lyapunov exponents or the group of variational and precisions cannot be obtained in many realeworl
indicators (the Fastest Lyapunov Indicator, the Mea sjtyations. To avoid these disadvantages, Zeny fit4
Exponential Growth Factor of Nearby Orbits, the proposed a procedure by which one can calculate the
Smaller Alignment Index and its generalized verstbe entire Lyapunov spectrum from relatively small dséés
Generalized Alignment Index, etc) [2-8]. of low precision.

The Lyapunov exponents, especially the Largest  Opviously, all the above-mentioned methods give us
Lyapunov Exponent (LLE), of a dynamical system have the LLE, as the maximum value of the spectrum. Apar
been shown to be the most important and most uk®ful  from these techniques, there exist methods which ca
fundamentally characterizing attractors and ch@ibese estimate only the LLE. The widespread techniques ar
numbers represent the average exponential rate othe tracked method of Wolf et al., the Rosensteiale
convergence or divergence of nearby orbits in th@sp  [15] algorithm for small data set, the space grietimd
space of the considered dynamical system. Sincédyiea syggested by Friedmann et al., and so on [16-26].
orbits correspond to nearly identical states, eepéal In this article, two different methods of computing
orbital divergence means that systems whose initial |_|E for discrete-time dynamical system are numeijca
differences we may not be able to resolve will soon jnyestigated and compared. The relative merits and
behave quite differently as the predictability &pilis demerits of these methods are pointed out.
rapidly lost. The remainder of the paper is organized as follows.

A N-dimensional system hasN Lyapunov  Section 2 describes the classical approach fomitefi
exponents. Between them, LLE is the most useful to| | E In Section 3, the Lorenz and Gumowski — Mira
distinguish various types of orbits of a dynamical maps are presented. Section 4 reports the restits o
system. When the LLE is negative, the orbits atteaC  applying the orbital separation method and the powe
stable fixed pOint or a stable limit CyCIe. A negatLLE method for Computing the LLE on these 2-D discrete

is a characteristic of a dissipative (non-cons&veat  dynamical systems. Finally, Section 5 provide some
system. When the LLE is zero, the orbit is a nélytra  concluding remarks.

fixed point. When the LLE is positive, then the ibris

unstable and chaotic. _ 2. THE LARGEST LYAPUNOV EXPONENT
Generally the calculation of Lyapunov exponents
cannot be carried out analytically, and in mosesasne Let xX,(t)denote a reference trajectory passing

must resort to numerical techniques. For systemsseh _
equations of motion are explicitly known the praoblef through x,(0) at time t = 0 and letx,(t) be another
finding Lyapunov exponents was satisfactory solved. trajectory passing through,;(0) at time t = 0. The
One of the most and effective numerical method to
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largest (maximum) Lyapunov exponeh(xo) is defined

with respect to the reference orbig by Ll
Dx(t il
/(xo)=lim lim 1|og [ox(t) (1) Al
@ ¥[px0)e ot ||D x(0}|
where [Dx(0)|=|x1(0)- x,(0)] is the Euclidean ol
distance between the trajectorieg(t) and x,(t) at time 04t
t = 0 and [Dx()] =[x4(t) - Xo(t)] is the Euclidean oz
distance between the same trajectories at an ampitr O
timet. In (1), x4(t) can be any trajectory that is initially
infinitesimally close tox(t) at timet=0. Figure 2 Bifurcation diagram of Lorenz map for

al [ 083090 and b =0.75
3. DISCRETE-TIME DYNAMICAL SYSTEMS

DESCRIPTION

As models for our numerical study on LLE we 2 .
consider two typical nonlinear discrete dynamical
systems which, depending on parameters, exhilhieeit LS .

regular or chaotic behavior. They are as follows:

(A) LORENZ MAP
051 .
The Lorenz discrete-time system is given by the .
difference equations of . @

Xn+1= (1+ ab)xn' bXn Yn
Y= (1' b)yn+ er21

with a andb parameters. Keeping = 0.75 unchanged .
and varyinga between 0.5 and 1.25 one obtain the
bifurcation diagram in Figure 1. A magnification thfis
diagram in the rangeal [0830.90] is realized in

Figure 2 for highlighting the complex dynamics bkt il
Lorenz map, not very well illustrated in Figure 1.

()

15F

0.5-

I
1.3

Figure 1 Bifurcation diagram of Lorenz map &or
between 0.5 and 1.25 ahd- 0.75

Figure 3 Phase diagrams of Lorenz map: a) 9-period
orbit; b) quasi-periodic orbit; ¢) chaotic orbit

Three typical plots representing chaotic, quasi-
periodic and periodic orbits, respectively, arespraed
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in Figure 3. The initial conditions wene;= 0.1, y,= 0.2,
and the first 2.000 points on every orbit were igub
(B) GUMOWSKI — MIRA MAP
This map has been introduced for modeling and

studying accelerated particles trajectories at CERN
1980. Iterations defined by equations

Xn+1= Ynt a@' byﬁ)yn"' h(xn)

(3)
YT - Xpt h(xn+1)
where
_ 2
h(x) =a x +2(11—a)2x ,a,b, a constants @)
+ X

produce different kind of cellular patterns suclatth
depicted in Figure 4.

-20
-15

Figure 4: Phase diagrams of Gumowski-Mira map:
a) up:a =- 05 ; b) middle:a =- 0497 ; c) down:

a =- 0492
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Figure 5 presents a bifurcation diagram for
a= 0008 b= 005, and al [- 056- 049]. The same
initial conditions, x,=y,= 0.1, were considered for all

the two hundreds orbits used in Figure 5 and th& fi
8.000 iterations were discarded.

251
201

151

10

5L

ok

5L

.10k

151

-20
-0.56

Figure 5: Bifurcation diagram of Gumowski-Mira map
for a= 0008 b= 005 andai [- 056 - 049

4. METHODS FOR COMPUTING THE LARGEST
LYAPUNOV EXPONENT. DESCRIPTION AND
APPLICATIONS TO SOME MAPS

4.1. Orbit separation method (OSM)
4.1.1. Method description

This method calculates sensitive dependence on
initial conditions by perturbing an orbit by a sinal
quantity ¢ and measuring the resulting separation at
every time step. The steps of the method are sl
Step 1: Start with any initial conditionx in the basin

of attraction;

Step 2:lterate until the orbit is on the attractor. Thilg
first few points of the numerical orbits are noedsn
order to eliminate data that are not sufficientlgse to
the attractor. How many points to discard, it defsean
the dynamical system.

Step 3: Select another initial conditior,, which is x,,
perturbed by the small constaat. So, the separation

distance betweem, and x, is d o= “xo- XB“ ze.
Step 4: Advance both orbitsx and X", one iteration
and calculate the new separation distadceﬂx - x” .

Step 5: Compute L =logld/ 4 in any convenient base.
Usually, the natural logarithm is used.
Step 6:Changex” so that it is again onlg apart from

x , but preserving direction. Thus, #=x- x" , the

€ . o
—xv describes the normalization

M

procedure which readjust the orbif so its separation

equation x =x+

from x is € in the same direction as.
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Step 7: Repeat steps 4-6 many times and calculate thecomputation where=108 is replaced bye=10"° and
average of step 5. That means the sum ofLthalues

over iterations is initiated as zerbg=0, and computed
every iteration asL =L g+ L. At the end, the largest
Lyapunov exponent for the analyzed orbit is

e=10*, respectively. These differences are in the worst
case 0f0(10'4), so they do not influence the decision
regarding the type of orbit (chaotic or regular).

x10°

/ max=Lsg/N :
2
wheren is the number of iterations after the transient is 1 h
surpassed. For most dynamical systems few thousands 0 T m el
iterates of the map usually suffices to have ante e

estimate to about two significant digits 6f,,,, .

4.1.2. Numerical results
(A) LORENZ MAP

We calculated first the LLE of the Lorenz system
(2) using 8.000 iterations (first 2.000 iterationere

discarded) and initial separatioa=10"°. The results  Figure 7: Differences obtained in the LLE's comfiata
are shown in Figure 6. We immediately see that thefor Lorenz map./ 1.,/ ﬁqax and/ ﬁqax
LLE's values are in agreement with the bifurcation

—108 —106 —1r4
diagrams in Figures 1 and 2. correspond to e=10°, e=10", and e=10",

respectively.

05 : : : : : : : On the other hand, the errors have increased
significantly with decreasing the maximum number of
iterations used in computations. So, Figure 8 mssihe

0.4r

0l ool errors in LLE’s evaluation when, instedd,,4 = 15000,
SN — —
ol Y | the values Ng,y=8000 and Ng,y= 4000 are
;""' : considered. With a single exceptioa= 119, changing
o1y ) 1 Ngng = 15000 with N4 = 8000 does not affect

considerably the LLE’'s value. This is not true for

pd .. . Neng = 4000, especially fora values which correspond
-0.1 o o B

. to chaotic orbits. Even in this case. When erraes a
opl— 0(10'2), the LLE remain positive(/ = 0(10' 1)), S0
the final conclusion is not distorted.

0.15

0.1 ot 0.1

0.05}
0.05|- é

.
[ * .o :"o K .: '..-. i3 b .0.05 L L L L L L L
L) oo oo . . ® 0.5 0.6 0.7 0.8 0.9 1 11 1.2 13
. . o* e
-0.05} . . IR
" . «*
o1l

-0.151

-0.21

0.25h . . . . . . 1
0.83 0.84 0.85 0.86 0.87 0.88 0.89 0.9

Figure 6 Largest Lyapunov exponent of Lorenz map  Figure 8 Differences obtained in the LLE’'s compiatat

Up: al [ 05,125, b=0.75; Down:al [ 083090, for Lorenz map./ ®.,/ @ and/ @
b =075 correspond  to N4 = 15000, Ng,4= 8000, and

The next numerical simulations were focused on the Nena = 4000, respectively.

influence of initial separationg, and of the maximal
number of iterationsNg,q, 0N the LLE. Thus, in Figure

7 are depicted the differences obtained in the ELE’

(B) GUMOWSKI — MIRA MAP
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One of the features of this map is the long tramsit
to the attractor. Considering this, we neglect finst
8.000 iterations and use the next 4.000 to buidgtaph
in Figure 9. Comparing Figures 5 and 9, we noticeeo
again the effectiveness of the orbit separatiorhotkin
distinguishing between regular and chaotic trajeeso

The effect of increasing initial separation of

neighboring orbits from e=108, to e=10° or
e=10"* on LLE is insignificant in this case, too, as just

results from Figure 10. Differences greater tha&h* in
the LLE’s computation are not noticeable.

0.06

0.041

0.02

-0.02-

-0.04-

-0.06

-0.08-

0.1
I
-0.56

I I I I I I I
-0.55 -0.54 -0.53 -0.52 -0.51 -0.5 -0.49

Figure 9 Largest Lyapunov exponent of Gumowski -
Mira map:a= 0008 b= 005 andal [- 056 - 049

-

I
-0.51

X 10°

N -
T T

I I I I I 11
-0.55 -0.54 -0.53 -0.52 -0.5 -0.49

the LLE's
/ 2

max?

Figure 10: Differences obtained in
computation for Gumowski - Mira map./ % .

and /3

3 correspond to e=108, e=10°, and

e=10"*, respectively.

On the contrary, considering a shortage of itenatio
in the LLE's computation, leads to erroneous
conclusions on the orbit type, especially for dyi@am
systems with a slowly transient to the attractdnug,
Figure 11 presents the differences in LLE's valtms
Ngngl {15000,8000,4000 . There exist somea

values in the ordered area of bifurcation diagram f
which these differences are unacceptable.
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-0.02

-0.04

-0.06

L L L L L L L
-0.55 -0.54 -0.53 -0.52 -0.51 -0.5 -0.49

[

Figure 11 Differences obtained in the LLE compuatati
for Gumowski - Mira map. / & ./ @  and / &
correspond  to Ng,4q = 15000, N 8000,

Neng = 4000, respectively.

end = and

One of these values isa =- 0546, which
correspond to a 3-period orbit (see Figure 12, witke
first 8.000 iterations are not depicted). The tiamsends
after approx. 9.300 iterations, so only 12.000 {s0in
! max COmputation leads to the wrong value

! max= 0.03031, characterizing a chaotic orbit. The

increasing of number of iterations to 15.000 pre&tua
right value (as sign) for LLE, namely .,z - 0.00199.

L L L L L \
2000 4000 6000 8000 10000 12000

Figure 12 A long transition to a 3-period orbit

4.2. Power method (PM)
4.2.1. Method description

The power method is applied to the Jacobean matrix
of the analyzed discrete dynamical systed, to
approximate the largest Lyapunov exponent by argati
a graph ofIn(y,) versusn, wheren is the number of

iterations of the power method and

1
yn:ﬁ |n|‘](xn—l)x‘J(Xn—2) X.K](X0)><yo|

The slope of the graph will be an approximation of
LLE. The steps of the method are as follows:
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Step 1 Start with any initial condition in the basin of
attraction;

Step 2 Iterate until the orbit is on the attractor; .
Step 3: Assign the starting value, to the last iterate ’ 0 W\ ]

from above and initialize the Jacobean matt{x) ;
Choose an arbitrary vector yoand compute

VOZ‘J(XO)XyO; -0.081

Step 4 Advance the orbit one iteration, from,_;to o1

Xk, k=1, 2,.,Ngq, and calculate the new Jacobean 012]

matrix J(x,) and the new vecton = J(x, )= . L T E T B e R Rt

Step 5 Store they = In|v, | data for graphing;

Step 8 Repeat steps 4-5 many times (k = 1, 2N.ng); Figure 14 The differencé 35.- / PV versusa for the
Step 7: Graph the elements of vectgr, versusn. All Lorenz map. The first 2.000 iterations were disedrd

the slopes will represent the LLE of the discrgtstam;
Step 8: Use the least square method to compute slopes.
Consider the LLE as the average of all slopes.

4.2.2. Numerical results

(A) LORENZ MAP

We start the new series of numerical simulations
with a typical example of power method’s applicatio
Figure 13 shows the plot ofy , versusn for Lorenz ,
map with a=05 and b= 075 (a fixed pOint)- 500 4000 6000 8000 10000 12000 14000 16000

Practically, this plot is a straight line so themher n
should not be too large.

Figure 15: A long transition to a 7-period orbitLafrenz
map (@a=119,b=0.75)

100

Ok — — —|

-+ -
=+ =
I
I
|
T
I
I
1

! In fact, we extended our study on the entire range

| al [0.5,125] by ignoring the first 10.000 iterations. The

1 results shown in Figure 16 prove that the both wdsth
! give identical conclusions regarding the type dbitpr
; even for a in the rangeal [0.9,125], where the

| differences areO(lO‘z).

00— — — == — Ng - — —

T
I
|
I
00 - N - -1 —— : ———————————
|
i
I

300~ — — —|

400 — —

e — 4 —

00— — — — — — — T — ——

600~ — — —|

L4 — =

| | | |
700 L L | L
o 1000 2000 3000 4000 5000 6000 7000

0.025

0.02 1

Figure 13 A typical example of power method’s
application

0.015
0.01r

0.005 -

Figure 14 presents the recorded differences in the

LLE’s values when the OSMN 4= 15000 =10 °) OOOZ T
and PM (N~ 2000 were used. The first 2.000 _;m
iterations were discarded. With a single exception, oot
a=119, both method indicate the same behavior of the o002l

Lorenz map. Unfortunately, both the value given by
OSM, / o= 019197, and the value produced by PM,

! max= 0.32554, are wrong because we deal with another

long transition to a 7-period orbit (see Figure .18)
right value, / .= - 0.01329, was obtain by discarding

10.000 iterations and using OSM with .,;= 90000.

L L L L L L L
0.6 0.7 0.8 0.9 1 11 1.2 1.3

Figure 16 The differencé 3> - / PV versusa for the
Lorenz map. The first 10.000 iterations were didedr

The same are valid for Gumowski-Mira map. Figure

17 reports our findings fof 9> - / P versusa . The
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first 8.000 iterations were discarded and the me@00
were used for computation. The only notable diffiess,
recorded neara =- 049, do not affect the final
conclusion.

0.025-

0.021-

0.015-

0.011

0.005-

"

-0.005

-0.011

-0.015t
-0.56

L L L L L L
-0.55 -0.54 -0.53 -0.52 -0.51 -0.5

Figure 17 The differencé Os,- / "™ versusa for the

GM map. The first 8.000 iterations were discarded.

5. CONCLUSIONS

In the paper, we make a detailed numerical
comparison of the orbit separation method with the
power method, as regards accuracy and efficiengy, b
computing the largest Lyapunov exponent, over ge&an
of parameters, of two tipical discrete-time dynaahic
systems with two variables, namely Lorenz map and
Gumowski-Mira map. Our main conclusions are as
follows:
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THE ROLE AND OBLIGATIONS OF A MEMBER STATE OF THE | NTERNATIONAL
MARITIME ORGANIZATION AND EUROPEAN UNION

BERESCU SERBAN
Constanta Maritime University, Romania
ABSTRACT

As a member of the International Maritime Organaatrequirements which should be fulfilled by Romzaare
differentiated on three main directions which ar¢he same time characteristics of a maritime statstal state, flag
state and port state. Those tree characteristipesmobligations as per mandatory IMO instrumeantsne hand and as
per the European maritime legislation in the othend. The characteristics deal with safety of natidg requirements
implemented to our own ships and also regardings#tiety measures for safe navigation in the Romajuidsdiction
waters as well.

The role played by the Administration through Flsi;te and Recognized Organizations is of the highes
importance to fulfil the obligations assumed by Remanian government when the Conventions and otlaedatory
IMO instruments were agreed and signed. To deletietdlag state competences to a Recognized Omgionizis a
great responsibility.

The respect for the environment is covered by M@RRequirements but also by the European directivieish
should be fully implemented by the Administration.

The SAR convention deals with the salvage of thmdmu life at sea and imposes a series of requirenterive
fulfilled as special equipment, well prepared arained people and designated salvage ships. Aapsshmunication
system is required as well.

The Port State characteristic should be implemeated well connected to all regional agreementsiwithe
world for the global benefit of safety and the eamiment.

Keywords: Costal state, New Inspection Regime, Port State.

1. INTRODUCTION regulating the naval transport sector, to be alole t
understand how the system, of implementation and

It is important to understand the role of the control over the way in which signatories respéeirt

administration of a state such as Romania, member oobligations, generally works.

IMO and European Union, between the obligation of Requirements which should be fulfilled in Romania

respecting minimal provisions of IMO Conventionglan are differentiated on three main directions whicé i

high standards imposed by EU in the naval transportthe same time characteristics of a maritime sttetal

field. It is obvious that all norms, requirementsda state, flag state and port state.

obligations mainly refer to safety of navigatiomprking As a member state of IMO and EU, it is needed to
and repose conditions on board ships and preventingorove that what was agreed by signing and ratifyiag
pollution of the marine environment. properly implemented by one’'s own administration.

An IMO Convention, once ratified by the Otherwise said, the administration needs to prdn t
Administration of a member state, must take the afty the requirement of the compulsory IMO instrumenmntd a
being adapted to the national legislation norms, the provisions of the community legislation in theval
implemented by creating an institutional basis #reh field have been correctly implemented and are
the process of imposing its requirements. SameEfdr  functioning efficiently.

Rules and Regulations, they must be adapted to the

national legislation, implemented and imposed.Hist 2. THE COSTAL STATE CHARACTERISTIC

way all compulsory requirements may be implemented

and controlled and non-compliance with provisions a Costal state it's a characteristic which requires f
regulations may be punished if Romania made athe administration of the member state to makerefto
commitment to respect them by ratification, accepga  providing complete safety in navigation without any
or signing. discrimination, for all ships navigation in theigdiction

Fulfilment of obligations of an IMO member state and responsibility area of that particular coastaite.
is resumed, in a few words, to the fact that sigrand This means that the coastal state must obey rdlevan
ratifying IMO Convention, means that the state’s international provisions for a series of mattedatss to
administration makes a commitment to fulfil obliigat safety in navigation and saving human lives at sea.
provided by the conventions’ provisions which thates Buoyage system, navigation maps, nautical pubboati
accepted, becoming a signatory part. notices to mariners, traffic separation schemes,

What is the role of IMO? What does EMSA lighthouses, meteorological services and warnings a
represent? These are questions to which we shouldcompulsory elements and requirement which must be
answer for those who do not know the mechanismsprovided by the coastal state.
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Administrations undertake to encourage the case of force majeure. The Coastal state must geovi
collection of meteorological data by ships at sed & specially designated places of refuge for ships in
arrange for their examination, dissemination and difficulty in order to save the crews and shipsaedl as
exchange in the manner most suitable for the perpbs to mitigate damages resulted from marine or angroth
aiding navigation. Administrations shall encourage kind of pollution.
use of meteorological instruments of a high degrke Salvage activity of human lives at sea is regulated
accuracy and shall facilitate the checking of such by SAR Convention and imposes to the coastal state
instruments upon request. Arrangements may be maderovide proper communication, intervention and agé/

by appropriate national meteorological servicestfos means for people in danger at sea. Human life gaain
checking to be undertaken, free of charge to tlfe sh sea is an obligation of the state which is provittegly
In particular, Administrations undertake to carmy,on and without discrimination. The existence of Maniti

cooperation, the following meteorological arrangatae Coordination Centres represents the provision oper

- to warn ships of gales, storms and tropical ayetoby communication technique, qualified personnel, 2drio
the issue of information in text and, as far acticable permanent working regime, salvage equipment amsshi
graphic form, using the appropriate shore-baseititfes for intervention. The audit based on volunteersthef

for terrestrial and space radio communicationsisesv International Maritime Organization which was

- to issue, at least twice daily, by terrestriala@apace  performed in 2008, emphasised the fact that Romania
radio communication services, as appropriate, vegath satisfies properly the requirement of SAR Conventio
information suitable for shipping containing data, which itis a signatory part.

analyses, warnings and forecasts of weather, wands In general each Administration undertakes to ensure
ice. Such information shall be transmitted in temtl, as  that necessary arrangements are made for distress
far as practicable, graphic form including meteogidal communication and co-ordination in their area of
analysis and prognosis charts transmitted by fatssion responsibility and for the rescue of persons itress at

in digital form for reconstitution on board thegkidata  sea around its coasts. These arrangements shiaitiénc
processing system. the establishment, operation and maintenance df suc

- to prepare and issue such publications as may besearch and rescue facilities as are deemed praletica
necessary for the efficient conduct of meteorolagic and necessary, having regard to the density of the
work at sea and to arrange, if practicable, for the seagoing traffic and the navigational dangers dral,s

publication and making available of daily weather so far as possible, provide adequate means ofihgcat
Administrations undertake to arrange for the and rescuing such persons.
collection and compilation of hydrographic data dinel The Administration undertakes to make available
publication, dissemination and keeping up to ddtallo information to the IMO its existing search and resc
nautical information necessary for safe navigation. facilities and the plans for changes therein, if.an
In particular, Administrations undertake to co- Administrations undertake to arrange that life-agvi
operate in carrying out, as far as possible, tleviing signals are used by search and rescue facilitigagad
nautical and hydrographic services, in the mannestm in search and rescue operations when communicating
suitable for the purpose of aiding navigation: with ships or persons in distress.
- to ensure that hydrographic surveying is cargat as The salvage of human lives refers to the
far as possible, adequate to the requirements f&f sa International Convention on Maritime Search and
navigation; Rescue, 1979 and the following resolutions adojed

- to prepare and issue nautical charts, sailingctions, the Organization: Homing capability of search and
lists of lights, tide tables and other nautical |mations, rescue (SAR) aircraft (resolution A.225(VIl)); Usdé

where applicable, satisfying the needs of safegaidn; radar transponders for search and rescue purposes
- to promulgate notices to mariners in order theitical (resolution A.530(13)); Search and rescue homing
charts and publications are kept, as far as p&ssiipl to capability (resolution A.616(15)); and Internatibna
date; Aeronautical and Maritime Search and Rescue

- to provide data management arrangements to suppor{lAMSAR) Manual (resolution A.894(21)).

these services. Vessel traffic services (VTS) contribute to safety

- Administrations undertake to ensure the greatestlife at sea, safety and efficiency of navigationdan
possible uniformity in charts and nautical publicas protection of the marine environment, adjacent shor
and to take into account, whenever possible, reteva areas, work sites and offshore installations fraresible
international resolutions and recommendations. adverse effects of maritime traffic.
- Administrations undertake to co-ordinate their Administrations undertake to arrange for the
activities to the greatest possible degree in omder establishment of VTS where, in their opinion, the
ensure that hydrographic and nautical informatien i volume of traffic or the degree of risk justifiesich
made available on a world-wide scale as timelyabdy, services.
and unambiguously as possible. The Administrations shall plan and implementing
Nautical charts and nautical publications, such asVTS, wherever possible, following the guidelines
sailing directions, lists of lights, notices to rimars, tide developed by the International Maritime Organizatio
tables and all other nautical publications necess$ar The use of VTS may only be made mandatory in sea
the intended voyage, shall be adequate and up¢o da areas within the territorial seas of a Costal State
This characteristic includes another obligation for
the Coastal state, which is to provide place ofigefin
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The Administration shall endeavour to secure the categories of ship, also represents an importamtitgc
participation in, and compliance with, the provisoof for the flag state.
vessel traffic services by ships entitled to flgitHlag. The right of a member state to inspect ships uader
All these provisions are referring to Guidelines on foreign flag to verify if those ships satisfy the
Vessel Traffic Services adopted by the IMO by compulsory and applicable requirements of IMO
resolution A.857 (20). Each port of the Coastatesta Conventions in order to eliminate from operatiolipsh
must provide cargo and/or passenger ships thesstditu below standard, obliging the specific state toilfdilfstly
safe port. This status is provided by offering tiptimal its obligations applicable to one’s own ships.
depth conditions for entering ports and operatiaghs, The member state has the obligation, through the
proper embankment for safe operations of shipstgmke Flag state, to communicate to the Internationalififae
and safe towage as well as supplies, fuel, watekr an Organization one’s own technical norms correspandin

electric energy facilitation. to IMO Conventions to which one adhered but whbee t

Providing security of port facilities became also administration must issue one’s own norms meant to

compulsory in every port of the coastal state. satisfy requirements. The provision of the conwanti
only stipulates, for the satisfaction of the Adratration.

3. THE FLAG STATE CHARACTERISTIC The Administration may grant to individual ships

exemptions or equivalents of a partial or condaion

Flag state represents mainly the characteristic ofnature provided that the Administration has taketo i
adapting to national legislation and implementirgg t account the effect such exemptions and equivaleats
one’'s own ships the provisions of IMO Convention as have upon the safety of all other ships.
well as legislation requirements in the field paed by The role of the FSC body of inspectors is to
EU. This means institutional constructions and idjedl determine how one’s own ships fulfil and satisfy
personnel capable to apply and implement convestion technical and operational requirements applicaBle.
and agreements to which the flag state by adherence FSC service well organized and aware of the impoga
these instruments became a signatory part. Mathly,  of fulfilling the obligations assumed by the flagte by
ships of the flag state which are subjected to IMO adhering to IMO Conventions and Protocols and EU
Conventions must satisfy all requirements and natio Requirements, may and must contribute to the amress
and international norms. Applying international of the specific flag state, on the white list o€ tRaris
requirements to one’s own ships and their technicalMemorandum. This serves for getting a preferential
certification is done by using one’s own qualified status of the flag in the worldwide shipping inadystith
personnel and by delegating competences, by aapeci image and also important economic advantages.
mandate, to Recognized Organizations (ROS). Training and certification of the maritime persohne
Recognized Organizations are Classification Saseti is also an obligation of the flag state which aéldeto
originated from those who are members IACS andthe STCW95 Convention. All training curricula for
which, due to their high performances, have beeaeaty  future maritime officers in specialized maritime
by the European Commission and which are on the lis institutions are controlled and certified by thenpeetent
of organizations recognized by all EU member stdtes  authority of the flag state. For Romania, this task
other words, EU member states may delegate thebelongs to the Romanian Naval Authority (RNA). The
competences of Flag state only to Recognizedtraining curricula in maritime education must cepend
Organizations (ROs). These competences are differenfor duration (number of hours) and content with the
from state to state. Romania delegated such comgete conventional requirements and Model Courses adopted
by signing Protocols with recognized organizatiensh by the International Maritime Organization.
as Germanisher Lloyd, Det Norske Veritas, Korean RNA, representing the Administration, has the duty
Register of Shipping, Russian Register, Italian ifeg to inspect and control the manner in which maritime
(RINA) and Lloyd Register. Competences awarded to education institutions satisfy all requirements/iew of
these ROs are those related to inspection andi@tatu the accreditation. This activity of verification is
technical certification (Statutory Convention performed by the auditor's body of RNA through
Certificates). Upon request, the administration may periodical audits and unannounced controls.
delegate other competences too. The manner in which future maritime officers are

Compliance of one’s own ships with international trained is very important for the safety of navigatand
requirement and norms is controlled and imposed the training level required must be provided thiotige
through a mechanism called Flag State Control. Themechanism of the flag state.
body of experienced and highly trained professignal Certification is the responsibility of the flagatt to
inspectors is composed by naval engineers, navalprovide credit (certificates) for the maritime pmmgel
architects and navigating personnel with managementwhich satisfies from all points of view the convenal
certificates (Masters, Chief Engineers). requirements and the corresponding health, trainimd

This personnel may provide supervision of the practice level in order to name them as officers or
ship’s construction, inspection of materials used f personnel participating in providing safety of rgation.
ships’ construction, technical inspections and The Contracting Governments/Administrations
documentation, repairs plans, revision, construgtio undertake for its national ships, to maintain, ibit is
modification, etc. Issuance of convention certifisaand necessary, to adopt, measures for the purposesafiag
their renewal (prolonging their validity) respectin that, from the point of view of safety of life ata all
international criteria and norms applicable to efiéint ships shall be sufficiently and efficiently manned.

151



Constanta Maritime University Annals Year XV, Vol.21

Every ship to which mandatory requirements of the ship, classification society/ Recognised
applies shall be provided with an appropriate mimim  Organisation, shipping company or operator and’ship
safe manning document or equivalent issued by thehistory (non conformities and detentions due to PSC
Administration as evidence of the minimum safe inspections). The most important aspect is that the
manning considered necessary to comply with thesystem is processing the risk profile of the sHipis
provisions. means that a vessel could be evaluated as a tsgh ri

On all ships, to ensure effective crew performance medium risk or a low risk vessel. The priority B6C
in safety matters, a working language shall be inspection could be fixed as priority | or priority.
established and recorded in the ship's log-book. Depending on the risk profile the modality of th8@

The Company, or the master, as appropriate, shallinspection is also determined as initial inspection
determine the appropriate working language. Eachdetailed inspection or more detailed inspection.
seafarer shall be required to understand and, where  The Port State characteristic is considered as the
appropriate, give orders and instructions and fome  most important tool of the Administration to fight
back in that language. If the working languageas an against substandard foreign flag ships.
official language of the State whose flag the sltsip
entitled to fly, all plans and lists required to pested 5. CONCLUSIONS
shall include a translation into the working langea

For EU ships English shall be used on the bridge as To be an IMO and a European Union member
the working language for bridge-to-bridge and beidg- means to understand the huge responsibility and
shore safety communications as well as for obligations concerning safety of navigation andyiimn
communications on board between the pilot and leridg prevention. A shipping company or a vessel shodd b
watch keeping personnel, unless those directlylueb from all points of view well secured and safety.eTh
in the communication speak a common language otherenvironment is one of the most important legacyt tha

than English. oblige all Governments to take appropriate measofes
The Principles of Safe Manning adopted by the protection including the implementation of teclatic
Organization refers to IMO resolution A.890(21). standards for their ships as required by the IMO
conventions and other mandatory instruments. Thdsse
4. THE PORT STATE CHARACTERISTIC the source of existence of mankind’s economic and i

must be protected and guarded for any damage. Ve mu
Port state signify both a characteristic and an realize that the sea is to be assured of our crildr
obligation for the member state of IMO and EU to future.
control ships, no matter their flag, which operatports As an obligation, the safety of life at sea is ® b
or ride at anchor in their roadstead’s, with theppse of ensured by all IMO members providing a climate of
evaluating their conformity with provisions of peace and security to those aboard vessels wof&ing
conventions and other relevant instruments. Thenmai their families or who are resting after exertiorheT
purpose of this control (Port State Control) is to protection of human life at sea has to be undedstsoa
eliminate from operation ships below required stadd principal priority and considerable efforts have lie
by the provisions of IMO conventions and other valg made by each contracting government. All this may n
instruments. be possible without appropriate policies of profasal
Eliminating from operation ships below mandatory education for future navigators, the staff who waeitk
standards contributes to enhancing safety in néwiya companies or sailing on board ships.
and eradicating non loyal competition practicedsbyne
shipowners. They bring on the freight market techlty 6. REFERENCES
damaged ships, with low freights, to the prejudafe
serious ship owners who provide safe and properly[1] Government Decision 811/2010 regarding PSC
maintained ships at the corresponding level ofyfres. [2] The Directive 2009/16/CE of the European
PSC control system is present worldwide and it is Parliament and of the Council
organized by associating IMO member states in[3] Government Decision 50/2001 for Memorandum of
agreements and/or regional memoranda such as: Parignderstanding ratification concerning PSC activiity
MoU, Black Sea MoU, Med MoU, Caribbean MoU, the Black Sea area
Tokio MoU, Abuja MoU, Vina del Mar Agreement, [4] The Provisions of the Paris Memorandum of
Riyadh MoU, Indian Ocean MoU. Understanding
New Inspection Regime (NIR) is a new concept of [5] The PSC Manual
tracking and monitoring ships with a special system [6] IMO — FAL.5/Circ.39
having an electronic data basis in which PSC [7] Resolution A.225(VII)
inspections’ results are introduced as well asresef [8] Resolution A.530(13)
determinant factors. This new system was implentente [9] Resolution A.616(15)
by Paris MoU through THETYS data basis controlled [10] Resolution A.894(21)
and administrated by EMSA. Essential factors cngati  [11] Resolution A.890(21)
the risk profile of ships are: the age of the stiig, flag

152



Constanta Maritime University Annals Year XV, Vol.21

ROMANIA IS A MEMBER OF PARIS MOU AND BLACK SEA MOU

BERESCU SERBAN
Constanta Maritime University, Romania
ABSTRACT

Today, Paris MoU is recognized for having the hihapplicable standards for inspecting ships argivior
operation in ports and areas of jurisdiction of signatory states.

The manner of performing Port State Control (PSCggulated by the provisions of the regional Meandum of
understanding establishing the general frame alidations of the signatory states and the PSC Miawhé&h details
the control activity. Proper character of shipsoading to provisions of relevant IMO instrumentsicerning working
and repose conditions of crews, safety of navigadind prevention of pollution of marine environmegpresent the
essence of PSC activity. By introducing in 201leavninspection regime (NIR) a decisive impact on riégults have
had obtained. The BGW Lists is the challenging tootonclude the efforts done by the controllinghaudties and by
the owners and operators as well. The ROs are ts important actors in eradicating the substandhipls and their
place in the rankings is important to be known.

The ship’s certificates represented the first irspi@n of the situation of a ship.

Keywords: New Inspection Regime, Port State Contkdéémorandum of understanding.

1. INTRODUCTION frame and obligations of the signatory states ard?SC
Manual which details control activity. Proper cleies
Romania is a maritime state who is convinced of the of ships according to provisions of relevant IMO
maritime safety importance within the region. As a instruments concerning working and repose condition
member of both memoranda there are obligations inof crews, safety of navigation and prevention of
controlling ships arriving in Romanian ports usitig pollution of marine environment represent the essaf
Paris MoU system and the Black Sea MoU system asPSC activity.

well. The same determination of all members makes t It is important to mention the fact that the
navigation safety ensuring also a clean marine Memorandum of understanding from Paris (Paris MoU)
environment. joins today 28 states, out of which 26 belong te th

The actors involved in the process are the Flag sta European Union, plus Canada and the Russian
authority, the Recognised Organisation, and the Federation. The European Maritime Safety Agency
Company (owner/operator). When those actors will (EMSA) occupies a place in the Paris MoU Commitee.
understand the benefit of the maritime safety lptal The basis of this memorandum were laid at Paris, in
perfect world with cleaner seas and safer shipaillt 1982, when six developed states of Europe decided t
establish. enhance safety of navigation and cleaner envirohinen
One of the stimulating tools as a result of the PSC their maritime jurisdiction area.
controlling process for a better maritime safetyrldias Today, Paris MoU is recognized for having the
the White, Grey, Black Lists and its mechanism that highest applicable standards for inspecting shipsiag
gives meaning to all efforts. for operation in ports and jurisdiction areas o€ th
A certain aspect is clear: does not exist efficjenc signatory states.
and economical advantages without ensuring saifesty f
3. THE NIR AND THE BGW LISTS

2. LEGISLATION RELATED TO PROCESS

CONTROL New Inspection Regime (NIR) is a new concept of
tracking, controlling and monitoring ships with gesial

Do National legislation regulating Romania’'s system, having an electronic data basis in whiclkt PS
membership to the two memoranda of regional inspections’ results are introduced as well asresef
understanding concerning port state control (PSE), determinant factors. Determinant factors creatimgrisk
represented by the Government Decision no. 811/2010profile of ships are: the age of the ship, the ftdghe
which refers to Directive 2009/16/CE of the Eurapea ship, classification society/RO, shipping comparny o
Parliament and of the Council on 23rd of April 200&d operator and ship’s history (nonconformities and
Government Decision no. 50/2001 for Memorandum’s detentions due to PSC inspections). In this wayrisie
of understanding ratification concerning PSC in the profile of a ship generated by the data basis neayigh
Black Sea area, signed at Istanbul on the 7th afl Ap risk, medium risk and low risk. According to theski
2000, approved by Law no. 639/2001. level, the system generates priority for inspectafn

The manner of performing Port State Control (PSC) ships; priority | or priority Il as well as the tgpof PSC
is regulated by the provisions of the regional inspection (initial inspection, detailed inspectianore
Memorandum of understanding establishing the géneradetailed inspection). The data basis so called THET
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of the Paris Memorandum, is located in Lisbon and 28 ships were denied the right to operate in thespaf

administrated and controlled by EMSA.

The score electronically calculated by introducing
inspection reports in the data basis by PSC inspect
determines finally a hierarchy according to ships’
register, shipping companies and flag states’
performances of the ship. This way, all these facto
involved in increasing safety of navigation andlytidn
prevention by respecting provision of IMO convenso
and relevant instruments are made responsible artd p
of the performance hierarchy. In this way, ParisiMo
introduced the flags’ list, White, Grey, Black Jish
which Flag States are categorized according tor thei
ships’ performances.

The final purpose is uniformitarian on a worldwide
level of all PSC inspection regimes by applyingitar
procedures and standards applicable for ships.

In order to understand the functioning of the syste
and the way it acts on ships, flag states, compgaaunel
classification societies/ROs, it is important toalyse
PSC inspections’ results in the region Paris MoU in
2013, from a statistic point of view.

Flags’ performances in 2013 on the White, Grey
and Black Lists indicate important aspects concgyni
shipping quality pollution prevention and safety of
navigation generally.

Paris MoU region, representing the highest number o
ships denied to access in EU ports from 2005 éil/nin
2012 the number of ships rejected from enteringha
Paris MoU ports was 15.

We may conclude that in 2013 the number of
inspections on ships hoisting flags from the Bldisk
was 1188, resulting in 154 detentions (detainegs3hi
representing a rate of 12,96%. Within 3 years ships
hoisting flags of the Republic of Moldavia, Tanzani
Saint Vincent and the Grenadines and Togo, due to
multiple detentions, registered the highest numbier
refusals of access (banning) in the ports of thasPa
MoU region.

For ships listed in the Grey list the rate of
detentions was 7,64% corresponding to a numbebdf 8
inspections resulting in 65 detentions.

For ships listed in the White list the rate of
detentions was 2,82% corresponding to a number of
15551 PSC inspections and 439 detentions.

Out of the statistics, to understand the process
which lead to nonconformities, detentions and bagsi
and finally to White, Grey and Black List, it is\ibusly
important to come into the practical process of PSC
inspection.

Talking about PSC inspection, prior to detain a

This way, last year, Thailand and United States of ship, the control of the ship’ certificates is ampobrtant

America, with efforts towards increasing standaods
safety navigation, preventing environment’ pollatias
well as working and repose conditions onboard, redte
in the White list and this year Kazakhstan, Sardibia

and Switzerland managed to pass from Grey list in

White list.
Efforts made by Georgia, Liban, Saint Kitts and

issue that raised many disputes.
4. THE SHIP'S CERTIFICATES
The most important step and the first check on the

PSC procedure is the verification of the ship’s
certificates which is not an easy process. How rbest

Nevis, Libia and Albania are remarcable in the samekept the ship’s certificates on board? Originals or

direction, which courageously and with determimatio
passed from the Black list to the Grey list.

In 2013 the number of states (flags) in the Whe |
was 46, France being on top of this list followeg b

copies? Itis a question that | would like to iflais this
article.

Issue of SOLAS certificates to ships is regulated i
Ch.I/Reg.12. Ch.l/Reg.16 states that the certifigat

Norway and Sueden. This proves high implementedwhich have been issued under reg. 12 and reg.13bgha
standards onboard ships hoisting France, Norway andeadily available on board for examination at iatis.

Sweden flags. This situation of ships is econorhical

For ISM SOLAS Ch.IX Reg.4 states that a Safety

reflected by advantages on the insurance market andanagement Certificate (SMC) shall be issued to the

freight market. The interval between two PSC
inspections in Paris MoU region is increased uB@o
months to encourage the good standards ships adains
months period for low standards ships.

Recognized Organizations (RO) to which Flag

ship and a copy of the Document of Compliance (DOC)
shall be kept on board. Through Ch.IX reg. 6 it is
regulated that the SMC shall be readily availabte o
board for examination at all times.

Issue of MARPOL certificates to ships is regulated

States have delegated the statutory inspections arén MARPOL I/Reg.7, MARPOL I1l/Reg.9, IBC-code

monitored by the same system from performancesitpoi
of view. This way, the most performant Recognized
Organization within 2011-2013 was Lloyds Register,
followed by American Bureau of Shipping and Det
Norske Veritas. Korean Register of Shipping de@das

Ch.1/Regl.5.4.1, MARPOL MARPOL
VI/Reg.6.

MARPOL Protocol Article 5 states that with
regards to the certificates issued under the arsnthes

PSCO shall verify that the valid certificates arebmard.

IV/IReg.5,

in performances, out of the top 5 being replaced byFor the COF the IBC-code Ch.1 reg 1.5.4.3 statas th

Nippon Kaiji Kyokai.

the certificate shall be on board for examinatiorak

The weakest register organization (RO) concerning times.

performances’ results following PSC inspections is
INCLAMAR Classification Society.

By introducing in 2011 a new inspection regime
(NIR) a decisive impact on the results have hadiaobt
in 2013. The percentage of detentions of shipsamed
in 2013 by 3,8% from 2012. Due to multiple detensip
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LOAD LINES convention has similar provisions in
article 16 and article 21.1, TONNAGE ‘69 conventian
article 7 and article 12.

In STCW95 convention reference to the original
certificate required to be on board is made bec#use
STCW certificates are not issued to the ship bufito
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person. The provision requires the person to bring
his/her certificate to the ship he/she serves on.

A certificate is an official (legal) document issue
to the ship by an authority. A copy of a certificds not
a certificate and can therefore not be considesetha
certificate (unless it is a certified copy).

The general opinion failure to comply with the
regulations where the issuance of a certificatheoship
is regulated, linked with provisions on the contal the
availability of the certificate, is a ground fortdetion.

The procedure PSCOs would follow in case of
certificates in copy form only (with reference tbet
PMoU guidance on detention and action take) is:

- Application of main criteria: the PSCO will asses
whether the ship has relevant, valid documentatibn.
the result of this assessment is negative the whiipe
considered for detention.

- Lack of valid certificates is considered to be a
detainable deficiency

- The PSCO will exercise professional judgement in
determining whether to detain the ship until defigies
are rectified or to allow ship to sail with certain
deficiencies without unreasonable danger to safety,
health, or the environment.

PSCOs would not accept just the fact that the
surveys have been performed since there might be
reasons for the Flag State or RO not to issue the
certificate yet which they are not aware of.

PSCOs would not be satisfied with an explanation
from the master but they would require an explamati
statement from the Flag State.

If there is a satisfactory explanation from thegFla
State, PSCOs would record a deficiency. If therads
satisfactory explanation from the Flag State thesek
would be detained.

5. CONCLUSIONS

| am of the opinion that some guidance with regards
to original certificates and PSC can be taken fM8C-
MEPC.4/Circ.1, guidance on Port State Control ezlat
matters. Here it is stated that retention of thigioal
documents is the primary method of attesting tosthips
compliance. Further guidance is given to PSC on tiow
deal with the “exceptional circumstances” in which
original documents are removed from the ship by
authorities. Herewith | could conclude that accogdio
IMO certificates on board shall be originals (knowi

Since the certificates are the basis on which PSCOsghat this is not a relevant instrument but suggkateone

conduct our inspection, and they cannot judge ¢asan
behind the fact that the originals are not on bpard
PSCOs will seek clarification from the Flag Statetbe
issue.

of the possible options to get an idea of the IMO
position).

6. REFERENCES

A satisfactory response from the Flag State has to

be available before the end of the inspectiorhéf¢ is a
satisfactory response PSCOs will record the feat tifie
certificates are copies as a deficiency with acteken
code 55.

If there is no satisfactory response from the flag
state before the end of the inspection the PSCeabis
able to assess whether the ship has valid docutienta
This means that the main criteria will be applied she
vessel will be detained.
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IMPLEMENTATION OF A HUMAN RESOURCE MANAGEMENT COURS EATA
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ABSTRACT

In the spirit of The 2010 Manila Conference recomdaions, concerning amendments to the Interndtiona
Convention on Standards applied of Training, Gegtfon and Watch-keeping the or Seafarers, 198 tanthe
Seafarers 'Training, Certification and Watch-kegplode (STCW Convention and Code), a shipping compaemed
necessary to implement an internal course, to pécale to both those who work on the deck andhenengine room.
This was created just for the reason that the amentb to be referred to include common referenppBcable in both
sectors. It is a course called Maritime Team Manag#, which itself is a human resource managemeatse.
Maritime Team Management training program is desilgio equip seafarers with an understanding ohtiman issues
that may affect them when dealing with the deshyrild, maintenance, operation and management gfarticular,
safety critical technologies. The purpose of thiarse is to develop the skills and knowledge off@eas, Professional
Standards and increasing their enhancing job aatish.

Keywords: STCW Manila, resource management, team skillsjitrgiprogram.

1. INTRODUCTION - monitors the standards exhibited by ships’
personnel in the performance of their duties;
STCW Manila amendments include a number of - encourages all officers serving on their ships to
common provisions applicable to both deck and engin participate actively in the training of junior

room. personnel;
They refer to the knowledge of resource - monitors carefully and review frequently the
management principles, including: allocation, progress made by junior personnel in the acquisitio

assignment and prioritization of resources; effecti
communication; assertiveness and leadership; abgain
and maintaining situational awareness.

In these conditions, a shipping company found
useful for his officers to implement a single conmmo
course simultaneously, both for those from the dmud
for those from engine-roomThis is the <<Maritime
Team Management training program>>,

2. THE 2010 MANILA CONFERENCE
RECOMENDATIONS

<< - Having adopted the Manila amendments to 3.
TRAINING PROGRAM

the International Convention on Standards of Trajni
Certification and Watch keeping for Seafarers, 18m8

of knowledge and skills during their service on
board ship;

- provide refresher and updating training at
suitable intervals, as may be required and

- takes all appropriate measures to instill pride in
the maritime profession and encourage the creation
of a safety culture and environmental conscience
among all those who serve on their ship. >>

(From the Resolution 7 - Promotion of technical
knowledge, skills and professionalism of seafgrers

MARITIME TEAM MANAGEMENT

to the Seafarers’ Training, Certification and Watch 3.1 Course Description and Aim:

keeping Code, as amended (STCW Convention and

Code),
- Noting with concern the

Maritime Team Management training program is

reported and designed to equip seafarers with an understanditigeo

anticipated shortage of qualified officers to human issues that may affect them when dealing with

effectively man and operate ships engaged inthe
management of, in

international trade,

build, maintenance,

particular,

design, operation and

safety critical

- Appreciating that the overall effectiveness of technologies.

selection, training and certification processes can

The purpose of this course is to develop the skills

only be evaluated through the skills, abilities and and knowledge of Seafarers, Professional Standards
competence exhibited by seafarers during the coursancreasing their enhancing job satisfaction.

of their service on board ship,
Recommends  that  Administrations
arrangements to ensure that shipping companies:

Also wants to develop non-technical skills and team

make work Applying Procedures Company. Last but nottleas
the objective refers to the maximum extreme toewll

- establish criteria and processes for the and share experience and to learn more about mdrson

selection of seafarers exhibiting
practicable standards of technical knowledge, skill
and professionalism;

157

the highest behavior in a stressful Situation.



Constanta Maritime University Annals

Year XV, Vol.21

3.2 Format of the Course

Taking the model from the aviation industry at this
Maritime Team Management Training Course is
attending a psychologist as expert on human emdr a
human/machine interface. It is important that défe

professional knowledge blend together to counteract

human error.

Identification of cause of problem and
timely correct response

Emergency preparedness

Crisis situations

3.3 Course References

Maritime Team Managementis designed in

Training Team must be composed of one Seafarercompliance with international standard regulations

per rank:
Deck: Master / Chef Officer / Deck Officers /
Engine: Chef Engineef/2Engineer/ Engineers
| Off Electrician

In addition could attend on temporary basis:
- Cadets (Deck, Engine or Electrical)
Reefer-man
Sea trainers
All other Rating

The course includes a series of Learning Objective:
Develop individual & collective actions with
respect Quality Improvement of safety of
operation and protection of environment;

Apply natural planning work method: proactive
methodical, approach to the management
systems, Effective communication, review;

Risk awareness and safety of the team. Human
Behavioral factors;

Prioritization of actions;

Errors identification chains in various
Circumstances (operational, emergency and
crisis situation);

Technical resources management;

Asses own performance and made Objectives
for "Continuing Professional Development"
Purposes;

Briefing / debriefing and guidance Techniques.

The course is both: seminar / group workshop

1978/ 95 as amended :
Section A-11/1;
Section A-11/1&2;
Section A-111/1;
Section A-111/1&2;
Section B-VIII/2
MRM — Teamwork

STCW

International  Convention  of  Training,
Certification and Watch keeping for Seafarers
STCW 1978 as amended

- IMO model courses:
- Model

course 1.08 Radar Navigation - Management
Level
IMO Model Course 1.22 BTM Bridge Team
Management

- Model Course 1.27 Operational use of ECDIS
- Model Course 1.29 Proficiency in Crisis Managemen
- Model Course 1.30 - On-Board Assessment

International SOLAS Conventions :
- Chapter 1I-2 - Fire protection, fire detectiondafire
extinction
- Chapter IV — Radio communications
- Chapter V - Safety of navigation
- Chapter IX - Management for the Safe Operation of
Ships

Maritime Team Management training programis
designed by using DNV — Standard for certificatibo.

and simulator based and aims to over four days3.201 learning programmes (April 2011) and partdyl

to go through a series of mandatory items.
System approach / Safety of operations /
Environmental issues
Professional Conduct
Performance
Situational awareness / Perception/
Decision-making / Interaction
technologies
Communication
Stress
Team skills / Team competencies /
Delegation
: Leadership / Functional leadership
Management
Risk Assessment and Risk Management
Error chain
Efficient use of available resources /
ment limitations
Planning and prioritizing / Contingency
planning

/ Operational

with

Equip
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approved by DNV (with class notation Machinery
operation simulator ERS 5000 to the Class A Stahdar
for Certification of Maritime Simulators).

4. APPLYING THE RESOURCE
MANAGEMENT COURSE

4.1 About Resource management concept

Resource management involves the utilisation of all

available human, informational, and equipment
resources toward the goal of safe and efficient
operations.

The Main Tenets of Resource management are:

Cooperation — the ability to work effectively in a
team

Leadership and management skills — achieving
effective joint task completion within a motivated
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fully functioning team through coordination and - ldentify risks and establish safeguards against
persuasion. them.

Situational awareness — the perception of the

elements in the environment within volume of Human factor plays an important part in both

time and space, the comprehension of their causing and preventing accidents.
meaning, and the projection of their status in the

near future. - Technical excellence alone is not sufficient to
Decision-making — the process of reaching a ensure good performance and that the knowledge and
judgement or choosing an option. application of non-technical skills is essential.
All of these are Non-technical Skills. - Human performance training is designed to equip
people with an understanding of the human issuas th
4.2 Deployment and functionality may affect them when dealing with the design, build

maintenance, operation and management of, in
Every one of the company officers must achieve particular, safety critical technologies.
and be able:
to enhance the operational safety of 5. CONCLUSIONS
company vessels,
to reduce the like hood of an incident to a It follows that in the medium term that officers be
company vessel, able to prepare and action emergency plans and
to reinforce the company’s Vision and procedures, including “maintenance of effective
Mission communications” and “preparedness training”, for
emergencies related to safety of personnel, pkinip

These aims to be met in particular by emphasising@nd environment and also, correctly identify, regpto
skills which will increase Shipboard Officers’ dtids to ~ @nd correct abnormal, hazardous or emergency
act responsibility to environmental concerns; reseu  Situations. With respect to reduction of "Humandgr
management and team building being principle values ~ contributions  to accidents, this “Medium Term”

objectives should be willingly and conscientioushtain

The course aims to demonstrate the importance of: the necessary knowledge and skills to manage, atper

Possession of the “whole picture” and contribute to the improvement of the company’s
| SAFETY MANAGEMENT SYSTEM, in keeping with
the “spirit and intent” of the IMO International f8ty
Management Code (ISM Code) as well as STCW 95
Code Section A-VIILI.

Possession of the facts and essentia
information

The leader being an organiser

Planning, prioritising, and taking advantage of
windows of opportunity

o . . The long-term goal is to determine the course
Communications and keeping people informed g 9

— e participants to devise and adopt the programs of
Being Prepare "Continuous Professional Development" in order and

Teamwork o action to support the Ideals and Requirementsef$iv
The dangers of “tunnel vision” Code

That NOBODY knows it all!

Also, long-term it is recommended to encourage

The knowledge gained during the course must to others to adopt the objective above mentioned.
provide course participants with the skills necessa

effectively: _ Always must remember: Technical excellence alone
*  Use resource management skills. is not sufficient to ensure good performance arad tie
* lIdentify and analyse risk factors, arriving and knowledge and application of non-technical skilts i
decisions which maintain vessel safety. essential.
. Recognise the need to make contingency
plans. . 6. REFERENCES
. Recognise the development of an error chain
and effectively break such a chain [1] IMO model courses: 1.22 BTM Bridge Team

By the end of the course, participants should be ab Management; 1.27 Operational use of ECDIS; 1.29
to demonstrate the ability to apply appropriate and proficiency in Crisis Management; 1.30 - On-Board
effective safety management skills and resource Assessment; Published by International Maritime

management skills in order to: Organization (IMO)
- Establish and maintains safe working platform [2] STCW 1978/ 95 as amended:
and pollution free safe working environment. Section A-1/1;
Provide for safe working practices in ship and . Section A-11/1&2;
machinery space s operation, placing . Section A-lIl/1;
emphasis on preventive actions. - Section A-111/1&2;

Section B-VIII/2
MRM — Teamwork
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[3] http://mww.stcw.org/ TrainingCertification/Pages/STCW-Convention.aspx
[4] http://www.steamshipmutual.com [6] http://www.mptusa.com/pdf/[STCW _guide_
[5] http://mww.imo.org/OurWork/HumanElement/ english.pdf
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A BRIEF STATISTICAL ANALYSIS OF THE ROMANIAN FREIGH T TRANSPORT

BRANZA GRATIELA
Constanta Maritime University, Romania
ABSTRACT

Transport sector is essential for every country isdociety. It connects good and services to etarkit gives
access to jobs, education, healthcare; it is tlyeokeeconomic growth, contributing to the prospenf a nation. The
present article stresses the importance of indisatomeasuring all these aspects. As freight parishas the largest
share in total transport activity, | have realisedhort statistical analysis of freight transpartour country through
specific indicators, which have to be considereth lyznerally and in terms of sustainable develognanone of the
main priorities of Romania in the field of transpor

Keywords: statistical analysis, freight transport, Romaniastinable development indicators, road transpaiiway
transport, maritime transport, transport infrastituice investment, energy consumption.

1. INTRODUCTION waterways, and the last place is for the air freigh
transport.
Transport is the essence of every country socio-
economic  development. Transport infrastructure  Table 1. Transported goods by mode of transport in
connects people to jobs, education, health servidiesy Romania in the period 2006-2011
proper development of global trade; permits pedple

. . -thou tonnes-
come in the same place, to interact and to exchange

. . . . . Type of | 2006 2007 2008 2009 2010 2011
knowledge and experience in various fields of atgtiv uanspor
H . ailway
boosting the long-term economic growth. wansport | eg313 | 68772 | 66711 | 50596 | 52032 | 60723

To accomplish these goals, transport has to face [Road
. . . . t r
many challenges, such as rapid motorization, air |———to" | 335327 356669 | 364605| 293409| 174551 | 183629

Inland

pollution, road safety, climate change. That's vihis waterways | 29304 | 29425 | 30295 | 24743 | 32088 | 29396
very important to monitor these issues and to teatthe Prina
conception of national strategies and to the avaaif an Maritime

. . , . . transport
indicators’ system, which has to follow the main | 46709 | 48928 | 50449 | 36021 | 38118 | 38883

objectives and the modalities of action for their |A"

_ transport | 23 22 27 24 26 27
accomplishment. Transport
Romania has developed a set of indicators strutture | '8 | | 12702 | 12310 | 12390 | 8520 | 6551 | 6020

on the sustainable development national strategy’s [ pipelines
objectives and this set is a solid base for peciodi

monitoring of progresses. (1) Since 2009, transit transport data reported by
Regional Harbour Masters and Bulgarian inland

2. STATISTICAL CHARACTERIZATION OF waterways transport equivalent to transit transgort

FREIGHT TRANSPORT IN ROMANIA DURING Romania included;

2006-2011 (2) According to the Eurostat methodology on apphoa

related to the treatment of “double counting” iniowaal

One of the most important statistical indicators fo transport.
measuring transport activity is the volume of goods Source: [2]

transported - an useful indicator in international . .
comparisons, especially when we consider its catire ~ Therefore, the highest share in total transported
with Gross Domestic Product (GDP) of a country . freight holds road transport, the following pladeshe

In total transported freight in Romania in the pdri ~ ranking being allocated to railway transport and
under study 2006-2011, the volume of goods traedor ~Maritime transport.
by road has the highest share in each year, evierié Regarding railway transport structure on the types
is a decrease to half its value in 2011 comparetheo ~ Of goods in 2011, according to NST 2007 code (Stehd
reference year 2006 (absolute decrease of 151688 th Goods Classification for Transport Statistics), tog
tons ) (see table 1). five categories of goods that occupy most of thieiwve

Road transport is followed at great distance bl rai 0f goods transported by rail are shown in the table
which many years ago holded supremacy in the tahsp below. The smallest share in the volume of goods

of goods. On the 3rd and 4th ranks shipping arahhl transported by railway belong to grouped goods gctfi
- Grouped goods: a mixture of types of goods wiaich

transported together — 2 thou tonnes).
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Table 2. Railway transport by type of goods in Roiaa

in 2011

NST Type of goods Thou

2007 tonnes

Code

02 Coal and lignite; crude 28145
petroleum and natural gas

07 Coke and refined petroleum 13754
products

08 Chemicals, chemical products 4167
and man-made fibres, rubber
and plastic products, nuclegr
fuel

10 Basic metals, fabricated metal 3506
products, except machinery and
equipment

03 Metal ores and other mining 2388
and quarrying products; peat,
uranium and thorium T

Source:[2]

In maritime transport, top five types of goods that
have the highest values are shown in Table 3. R@man
is a country with agricultural potential and rictserves
of coal, lignite; generally, the goods transportsdsea
are mainly included in these categories. The léstep
belongs to the goods in Group 13 - Furniture arrot
manufactured goods -1 thou tonnes.

Table 3. Maritime transport at ports by type of gom
Romania in 2011

NST Type of goods Thou
2007 tonnes
Code
01 Products of agriculture, hunting 9218
and forestry; fish and other
fishing products
02 Coal and lignite; crude 7734
petroleum and natural gas
19 Unidentifiable goods 5178
03 Metal ores and other mining 4648
and quarrying products; peat,
uranium and thorium
07 Coke and refined petroleum 3457
products
Source:[2]

The structure of goods transported by road in 2011
is shown in Table 4, the first among top five catégs
of goods being occupied by "Metal ores and other
mining and quarrying products; peat, uranium and
thorium". Last place in the ranking of goods trarspd
by road is owned by group 15 - Mail, parcels - 246u
tonnes.

Table 4. Road transport by type of goods in Romania
in 2011

Thou
tonnes
Metal ores and other mining70679
and quarrying products; peat,

NST 2007
Code
03

Type of goods

162

uranium and thorium

Other non-metallic mineral 44240
products

09

04 Food products, beverages and4001

tobacco

01 Products of  agriculture
hunting and forestry; fish an

other fishing products

2, 8410
d

06 Wood and products of wood 7849
and cork (except furniture);
articles of straw and plaiting
materials pulp, paper and
paper products; printed matTer

and recorded media

Source:[2]

3. STATISTICAL ANALYSIS OF
SUSTAINABLE DEVELOPMENT INDICATORS
FOR ROMANIAN FREIGHT TRANSPORT IN
THE PERIOD 2000-2010

The indicators in the database of the National
Institute of Statistics of Romania are pursuing the
objectives and modalities of action at the horigears:
2013, 2020, 2030, established by the National &gsat
for Sustainable Development. The main function of
indicators is to meet the monitoring requiremeht the
National Strategy for Sustainable Development
expresses associated with the time of the targédtsh
in turn represent political commitments relatedthe
strategic objectives of sustainable developmene Jét
of sustainable development indicators for Romasia i
structured considering the objectives of the Nation
Strategy for Sustainable Development, the hierarchy
being structured on three levels: level 1 -coracairs,
level 2 -complementary indicators and level 3 -pesg
indicators of the National Strategy for Sustainable
Development.[4]

Table 5. Volume of freight transport relative to B
Romania in the period 2000-2010

Year Indicator value
(%)
2000 100,0
2001 106,3
2002 119,6
2003 127,1
2004 145,1
2005 174,2
2006 171,4
2007 165,6
2008 148,5
2009 113,0
2010 105,8

Source:[2]

The complementary indicator “volume of freight
transport relative to GDP” is defined as the voluafe
domestic freight transport, on road, rail and idlan
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waterways, relative to GDP. This highlights thentteof
goods transport compared to GDP’s evolution.

The evolution of this indicator knows a progressive
increase in the period 2000-2005, following the
continuous decrease since 2006 and reaching a valug
lower than that recorded in 2001. If in 2005 théunte
of freight transport growth from the GDP is 74,2,
2010, it is only 5,8%, according to statistics praed in
table 5.

Following the structure of the domestic transpdrt o
goods in the period 2000-2010, we observe the large
share that road transport of goods holds. In almlbshe
period under study specific weight of this mode of
transport in total is over 50%, in 2007 recorditg t
highest value of 71.3% compared with 18.9% at rail
transport and 9.8% at inland waterway transpoguié
1 shows clearly the trends in rail freight transpooad
transport and inland waterway transport.
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o
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,.//\/.
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S

000 1=

2000

1000
0 ‘\0—/—0_0—0\4\‘.,,/&——".\,‘;‘—__@.—-&
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—-—transportul feroviar & lransporul rutier

transportul pe cai navigabile iterioare —— transportul aerian

Figure 2 Energy consumption by transport mode in
Romania in the period 2000-2011

A brief analysis of investments in transport
infrastructure show that road transport ranks finsthe
absorption of funds for building works necessary to
infrastructure development (see table below). Psepuf
calculating this progress indicator is the estéinfisnt
and monitoring of transport infrastructure develepin
policy - another objective of the national stratefgy
sustainable development.

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Table 6. Transport infrastructure investment in
Romania in the period 2006-2009

‘I:l-feroviar B- rutied- ¢ i navigabile int%rioare

Figure 1 Modal split of freight transport in - million RON-
Romania in the period 2000-2010 2006 2007 2008 | 2009
" L . . Total 2
One of the critical objectives in achieving — 82298) 120882 204185 195419
sustainable development national strategy is t@ujele ignways,
. . streets and roads
economic growth from transport growth in order to — 6875,3| 93586| 143301 131651
reduce the negative impact on the environment. This | S2Ways 358,8 | 1037,2| 11653 7521
indicator can be used to establish economic and | Runways for
environmental policies that lead to accomplish tual. alrports 53,3 139,6 33,6 26
For analysis it is used the core indicator “energy | Bridges,
consumption by transport mode”. In Figure 2 of the ﬁ!e‘éated
article notes that road transport is the largesisamer td?]n\gllzyjﬁd
of oil, reaching a value almost double in 2011 @73 underground 191,9 | 356,2| 3084,9 33253
thou tonnes of oil equivalent) from the level of0RO Waterway, port
(2697 thou tonnes of oil equivalent). Air transport C?t?Stf#Céion I{md
: ; ; other hydraulic
manifests also a growing trend of energy consumptio atructures 7505 | 1196.6| 18044 22734

but at a much smaller scale than road transport.

Transport modes whose consumption fell signifigantl

during 2000-2011 are rail and inland waterways.
Generally, the cost of energy are around 25% of

total costs for car users, 5% for bus companieB)%-

for rail transport and 15-30% in aviation. [1]

Source:[2]

CONCLUSIONS

As the developing world rapidly urbanizes, there is

an opportunity to build safer,

cleaner and more

affordable transport systems that reduce congestion
facilitate access to jobs and lower transport gnerg
consumption. ,Energy consumption by transport mode”
is an indicator that Romania can use to establish
economic and environmental policies that lead to
decouple economic growth from transport growth in
order to reduce the negative impact on the enviesim
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Another important indicator analised in the pager i Overall, freight transport in Romania is constantly
the volume of goods transported and the analysisdeveloping and it is important that the set of ¢adiors
conclusion is that the highest share in total spanted by which we characterize this activity to be moreét
freight holds road transport, the following pladesthe and continuously improved in order to achieve the
ranking being allocated to railway transport and objectives of the national strategy for sustainable
maritime transport. development.

The volume of freight transport relative to GDP
highlights the trend of goods transport compareGf® 5. REFERENCES
evolution. In Romania, the evolution of this indima
knows a progressive increase in the period 2006200 [1] ECORYS Transport, Consultrangnalysis of the
following a continuous decrease since 2006. impact of oil prices on the socio-economic situatia

Regarding the structure of the domestic transplrt o the transport sectomww.ecorys.com, Rotterdam, 2006
goods in the period 2000_2010, we observe the |arge[2] Institutul National de Statisticanuarul Statistic al
share that road transport of goods holds (over 50%) Romaniei 2012Bucuresti, 2012

The supremacy of road transport in total freight [3]Organisation for ~Economic Cooperation and
transported in Romania is reflected by the investsin ~ Development, Globalisation, Transport and the

transport infrastructure, which are 70-80% absorbgd Environmen,twww.oecd.org/env/transport/gIobalisation
road. [4] www.insse.ro

[5]http://www.worldbank.org/en/topic/transport/
overview
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THE IMPACT OF EXTERNAL COSTS IN TRANSPORT.CASE STUD Y IN MARITIME
TRANSPORT

ICRISTEA VIORELA-GEORGIANA, 2DRAGAN CRISTIAN?BERESCU SERBAN

L23Constanta Maritime UniversitfRomania
ABSTRACT

It is clear that transport costs are an importéernent which influence the final cost of a produtie to the fact
that they represent a more complex area than iryrotiver industries. Beside the internal costs (tand operation),
representing costs incurred by individuals or ofmesafor providing services required by the markiag, external costs,
which were seriously taken in consideration in It few years, are considered to be a negativadimpf transport.
Thru this paper we tried to establish the importaté of those costs, how they influence the tramspctivity,
especially the maritime transport sector. Thisclrtcontains a welfare economic analysis of trart&pexternal effects
regarding congestion, accidents, noise, air poltuéind climate change.

Keywords: Transport activity, external costs, negative impact

1. INTRODUCTION

Transport activity brings lots of benefits to the
economy, due to the fact that it increases the ymriooh
efficiency and it also links the producer and thetomer
from the logistics system (it also links regionsuntries
and continents).

Despite the benefits that transport activity brifiys
contributes to economic growth and enables a global
market), it also raises costs due to its envirortaien
impacts, accidents and congestion, effects that'tare
generally produced by the transport uSeltsneeds to be
noticed that the benefits of transport are highantthe

costs. Figure 1 Total external costs of transport by tpams
The costs associated to these effects are usually mode
denoted as “external costs” or “externalities” etl E., Source: International Union of Rails
Belhaj M.,Wolf C., 2011). The freight transport wetk
includes internal costs (that are considered tdiine There are many European studies (The Europe 2020

and operation) and external costs (like congestion,strategy, the Roadmap for moving to a competitose |
accidents, air pollution and CO2 emissions) (Marque carbon economy in 2050, the 2011 White Paper on
L., Cantillo V., 2013). Transport and the IMPACT study), which make clear
The most common definition of the “external that the transport sector faces huge challengeshayd
costs”, consider them to be social costs imposed oniry to take into account all the elements that Gbate to

others, but not paid for by the infrastructure usée  transport’'s “externalities”, the development of fREN-
the “internal costs”. All forms of transport givese to T, co-modality and modal sHift
bad side effects like: trains and aircrafts coniigbto One of the |eading princip|es in EU transport pp||c

noise, ships to air pollution or road vehicles to s represented by the process of internalizatiotho§e
congestion (see figure 1). For example accidestsco external costs, an important issue for transpaéarch
are considered to be equal for all means of tramspo and policy development for many years in Europe and
while congestion costs are considered to be moreworidwide. This process is very important because
significant for road transport (due to the transpiar  without it the external costs won't be taken inaz@unt
urban areas). According to many authors the roadpy the transport users when making a transporsieci
transport activities give rise to a wide range xteenal  The traditional answer of economists to the probtgm
costs (Verhoef E., 1994). internalizing external costs of transport is "sejftprices
right" (Musso A., Rothengatter W., 2013). The
internalization suggests that when transport utsds a
decision regarding the transport activity, the efeof

! According to the “Handbook on estimation of exirn 2 As said by the European Commission, “An inventory

costs in the transport sector- The IMPACT study?, M of measures for internalizing external costs ingport”,
Maibach, H.P. van Essen, B.H. Boon, R. Smokers, C.  Directorate-General for Mobility and Transport,
Doll, B. Pawlowska, February, 2008. Belgium, November 2012.
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the external cost should take part of the decigiaking
process.

An important study regarding transport’s external
costs is the IMPACT Handbook on estimation of
external costs in the transport sector that cowdls
environmental, accidents and congestion costsiek to
recommend a set of methods for estimating external
costs, after providing first a comprehensive oveamf
approaches for this estimation.

Transport's externalities, for which many different
methods have been developed and actually applied
regarding the costs they cause, are: congestion,
accidents, noise, air pollution and climate chingee

figure 2).

- Congestion: those external costs are felt by
transport users in travel times, operating coststeavel  Figure 2 Total external costs per externality in &3 2
time unreliability; (Norway and Switzerland)

- Accidents: when referring to this side of the Source: International Union of Rails

external costs it represents a relatively large phtotal
external costs (especially for road transport)aassult 2. METHODS FOR ESTIMATING EXTERNAL

of traffic accidents (such as cost for material dges, COSTS
medical costs, production losses, administrativetso
and immaterial costs- pain, sorrow); From 1990 many projects and studies have been

- Noise: this side of external costs has two yndertaken, European Union’s project- UNITE (Nash,
important elements: costs of annoyance (undesoeidls  2003), ExternE (Bickel & R., 2005), NEEDS or natibn
disturbanc_es., resulting in ;ocial and economicscthlqa research projects- INFRAS/IWW (Schreyer, 2004), CE
any restrictions on enjoyment of desired leisure pgyft et al. (CE Delft; Infras; Fraunhofer 1SI, 2I)1 with
activities, discomfort or inconvenience) and health e purpose of improving estimations of cost ane th
damages (like hearing damage, the risk of cardmas  methodology used for estimations of external cbisere
diseases, the increase of blood pressure and hafmon yere also some studies that were conducted in doder

changes) leading to many types of costs like meédica gstimate the external costs of the European trahspo
costs, costs of productivity loss and the costs of ggctor.

increased mortality; The estimation of external costs is an important

- Airpollution: this side of externalities leads t  rocess that has to consider several uncertaitigshe
different types of external costs, referring to Itfea pest practice for this estimation is based on three
(cardiovascular and respiratory diseases causeditby glements: speed-flow relations, value of time and
pollutants), the impact on ecosystems and biodiyers gemand elasticity.

(the most important ones are considers to be rtrog When referring to the external costs of transport,
oxide (NOx), sulphur dioxide (SO2), volatile organi many authors consider that there are two ways of
compounfjs (VOC) and Ozone (O3) as an indirect ggtimating them: top- down and bottom-up approaches
pollutant); _ _ One of them starts at macro-level and the otheraine

- Climate change: according to the European micro-level. The easier method regarding the way of
Commission, in E_urqpe, almost 20% of total greesBoU  yetermination is the top-down approach, which setgge
gas (GHG) emissions were caused by transportihat the external costs of a country can be catedlay
emissions that have a significant effect on global the npational transport volume, so at macro-levatkel
warming (with health impacts, ~ecosystems and gnq Friedrich, 2005). On the other hand is thednottip

biodiversity impacts, an increase in extreme weathe gnnr0ach, that is considered to be more precisetaue
effects, agricultural impacts or regarding the wéehe  he fact that first are specified in details thesiba

sea level). There are considered to be three ImPDIt  glements and then they are linked together to farm
greenhouse gases caused by transport: carbon eioxidcomplete system, at micro-level (Friedrich and Bick
(CO2), nitrous oxide (N20) and methane (CH4). It is 2001: Miola, Paccagnan and Turvani, 2008).

also important to notice that aircrafts emissioh$igh

altitude also have an impact on global warming. 3. EXTERNALITIES OF MARITIME

TRANSPORT

According to the European Commission ships
transport almost 90% of the EU’s World trade volume
Usually when trying to quantify the external codt o
maritime transport, a bottom-up approach is uséé (t
Impact Pathway), that has several steps like: ivisidn

3 According to CE Delft, INFRAS, Fraunhofer ISI in of the fleet into ship categories, calculation die t
“External Costs of Transport in Europe” from Noveanb  environmental impact factors and monetary valuatibn
2011. the external costs.
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In the picture below (figure 3) are presented the externalities) in Europe, about 77% of the costs ar
main environmental impact factors of ships such as: caused by passenger transport and 23% by ffeight
- greenhouse gases (CO2- associated to the fossil  The European Commission also approaches this
fuel combustion process, as well as the HCFC- subject in the White Paper “Roadmap to a single
losses of refrigerant gases from air conditioning European transport area- Towards a competitive and
systems and on board freezers); resource- efficient transport system” (COM (2011)
- atmospheric emissions; which targets the development and deployment of new
- discharges into the sea (marine pollution- and sustainable fuels and propulsion systems aead th
wastewater discharges from bilge separators, promotion of a more sustainable behaviour.
accidental oil spills due to operational It is also important to notice that the impactdhe
activities, wastewater discharges from cargo external effects of transport can manifest in bstiort
tanks cleaning with seawater-based process,and long-term ways, so we need to take both of tlem
grey (laundries, kitchen, showers) and black consideration if we don’t want to face much largests
(sewage) wastewater discharges, ballast waterin the future.
discharges).
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EU STRATEGY ON ENVIRONMENTAL ACCOUNTING

DRAGAN CRISTIAN

Constanta Maritime University, Romania

ABSTRACT

Improved environmental accounting is increasinglgrsby corporate managers and environmental acatke
as a necessary complement to improved environmdatasion-making within the private sector. Thip@adevelops
an economic approach to the evaluation of envirantad@ccounting's benefits and derives the valod,determinants,
of improved accounting information in several proiion and capital budgeting contexts. Using coredpbm
managerial economics, finance, and organizatidrery, the analysis identifies the types of envinental accounting
improvement that are most likely to yield signifitdinancial and environmental benefits.

Keywords: environmental accounting, Economic and Financidhi#é Directorate, Eurostat.

1. WORKING GROUP MISSIONS

In December 2000 a working group on the
European strategy for environmental accounting was
founded (ESEA). The group gathers statistical sesvi
of different EU member countries (Germany, Denmark,
Greece, Finland, France, lItaly, Netherlands, United
Kingdom and Sweden) including the Economic and
Financial Affairs Directorate of Environment andeth
European Environment Agency. Secretariat is pralide
by Eurostat.

Environmental Accounting in Europe contributes
fully and effectively to the demands of information
environmental issues and sustainable development. |
this field, the missions of this group refer to:

The reviews on policies utilizations, on user

needs and it also refers to the identification of 2.

the areas where environmental accounting can

phase, tests show that production started
regulating in various fields

The role of environmental accounting is one of
a high importance and it answers the need for a
systemic approach able to provide integrated
assemblies of information on environmental and
economic issues.

ESEA group reunited several times in 2001 and
2002 in order to develop recommendations on
environmental accounting and communication
by e-mail between meetings. They tried to
identify after that the need of users and how to
improve links between policy needs and
environmental accounting in Europe, in order to
effectively use available data in areas where
information system shows a competitive
advantage.

USER NEEDS AND POLITICAL DEMANDS

contribute in an optimum way to the goals ESEA Group undertook a comprehensive review of
achievement on a long-term in Europe. user needs at community and national level.
The contribution to the harmonization of Understanding these needs involves the identiGoadif
environmental accounting results at EU level, a long-term political vision on specific informatio
especially when it comes to creating links with requirements and develop data sets to meet thisuim
other systems indicators such as environmentalln practice, the uses are numerous and requirefigpec
accounting harmonization and improvement. data availability. Political trends that are intea in
The international manual revision of SCEE environmental accounts information are, as it fofio

(Systeme de compatibilite economique et
environnementale integre SCE 2000 Manual
was prepared by the London Group on
Environmental and resource accounting. In
March 2002, the UN Statistical Commission
approved the publication SEEE (in cooperation
with Eurostat, IMF, OECD and World Bank).
The answer to these concerns refers to:

The growing demand for integrated
environmental information in  economic
statistics and other resources, including the
overall context and frameworks for sustainable
development indicators

The review after seven years of business
accounting environment, given that conceptual
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Policy is focused mainly on the problem

requiring long-term care in which, of a great
importance is the supervision of changes in
structure (e.g. use of energy and climate,
transport, non-renewable resources)

policies tend to wuse indicators on the
environment as objectives in certain areas
(biodiversity, water quality), hence the need for
the integrated data sets that link the economic,
environmental pressures, environmental status

concepts of dissociation, eco efficiency and
resource productivity, are subjects of great
importance

New political fields that are oriented on

products are evaluating integrated product
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policy, international trade and analyzing the
impacts of chemicals policy

Much attention is given to issues concerning the
impact of transport, waste management and use
of natural resources on the role of economic
development and structural changes

Analysis of synthetic results and indicators ofadat
sets allows the evaluation of policies and a better
interpretation of the indicators and their potdntise. A
better informing is needed over structures, espgdfa
we want to understand better the differences comnugr
levels and trends in all countries. Although priynar
information are incomplete now, environmental
accounting is useful because it provides a framkwbr
evaluation procedures for the missing data, based o
other sources. Users give now a greater importamce
the analysis and application of environmental aot®u
when it comes to shaping and determining the fatsca
preparing political projects and implementing them,
noticing their impact. Some countries have govemtale
commissions, advisory or consultative bodies that
contribute to the development of environmental
accounting, facilitates users exchange and it $ewce
of official request for environmental accounts. A
proactive approach towards users is essentiatontext
of environmental accounts. User groups shows veligti
different needs that need to be taken into accaunt
communication. Therefore, there are required prtsduc
as in response to the needs of different user group

3. PRIORITIES

Development of an integrated economic,
environmental and sustainability policy, respedtive
integrating environmental concerns into other polic
areas, explains the increasing demand on indicdtors
measuring progress. Among EU policy initiativeghie
sixth action program, which is an EU sustainable
development strategy on a sectorial level -the iffard
process. The main areas that have an interest thesle
documents relate to climate change, sustainable
transport, nature and diversity, health and envirent,

use of natural resources, waste management, ess. Us 4.

THE ADDED VALUE AND LIMITS OF

needs may differ slightly from one country to amsth ACCOUNTING

and correspond to specific national endowments.tiBit
main elements of the standard environmental acsount

Environmental accounts are tools that offers a good

are similar: a selection of natural resource actnun cost-performance report for the following reasons:

expenses, activities and environmental taxes, etc.
Priorities for future developments include aredse li
water, waste, including the environmental chapter”
(quality of water, air, soil, ecosystems). Based an
profound analysis of the political demand and oa th
users need, the work group ESEA identified
environmental accounting modules who directly respo
to this request.
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they enable integration and optimal use of
dispersed and incomplete primary data and also
contributes to the existing data structure,

improve coherence and serve as a basis for
evaluation;

are integrated into the data set that correlates
environment information with economic agents;

allow obtaining consistent sets of correlated
indicators;
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represents consequently an essential basis for
analysis and modeling concerning environment
and economy;

guarantees international comparability of results
because of the frames, concepts and common
methods;

play a role in the Systemic informational
environment in which accounting staff can help
guide and develop environmental information to
ensure greater consistency with economic and
social information and other uses.

There are considered different types of analysisg.

concerning environmental accounts. A minimum of
analytical applications is useful in the process of
compiling and disseminating imputation emissions,
through some techniques that involve inputs anguist
Other applications are related to decompositiorlyapa
and estimates on goods and services.

Many business and the Government
organizations, even the large and well managed
ones, don't adequately track the use of energy
and material or the cost of inefficient materials
use, waste management and related issue. Many
organisations, therefore, significantly
underestimate the cost of a poor environment
performance to their organization.

It mainly considers the cost internal to the
company and excludes cost to society.

STATUS QUO

Environmental work in accounting performed by
Eurostat and the Member States is quite diverse. Th

working group's task is to examine tkgperience of

Member States and on an international level, tdyara

the definitions and classifications in force comieg

primary data in order to evaluate the availab#itind to

5. LIMITATION OF ENVIRONMENTAL
ACCOUNTING

identify the political needs in this area.

Environmental accounts have evolved from an

incipient manner to a business organization form of

Environmental Accounting suffers from various
and serious limitations as it follows:

modules adapted to a developing interest in thevasit
accounts. Each module is connected with other nesdul

and one of the tasks of environmental management

There is no standard accounting method.
Comparison between two firms or countries is
not possible if method of accounting is different
which is quite obvious.

Input for EA is not easily available because environmental

accounts is to ensure consistency of individual nhesl

in order to allow information to be taken directhpm

source. It is also important to use the best prastof

in
of

national their  application

Activity domains

accounting  for
accounting.

costs and benefits relevant to the environment environmental accounting are as follows:

are not easily measurable.

We mention the progress in other fields, even

environmental functions of forests. A developmeft o

though the methods and the results are still in anthese modules is necessary and it must be planned

experimental stage and the primary data aren'tlaai
yet. It is about soils, ecosystems, water, wasté a
specific substances accounts, including recredtiand
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according to the political requests. Regarding,thve
present the new statistic regulation (SBS, NACE REV
1.1 — concerning waste management statistic).
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The environmental accounting modules proposed
by SCEE 2000 include natural resource accounts,
physical fluxes accounts, monetary accounts, etc.

7. RECOMANDATIONS FOR AN
ENVIROMENTAL ACCOUNTING STRATEGY
AT AN EU SCALE

By creating an environmental accounting at a
community scale, Eurostat began to standardize
collecting data on different areas. It was agrerdh®
capitalization and establishing a working programtt
can ensure regulated and on time production of some
environmental module accounts. The environment is a
very complex domain. Providing relevant information
involves the use of data sets.

8. ENVIRONMENTAL ACCOUNTS APPLIED
AT COMMUNITY LEVEL

The priority areas recommended for establishing
harmonized reports are:

atmospheric emissions and energy accounts
Water flow accounts (water supply and use)
material flow accounts of the economy
environmental taxation

Forestry accounts (work wood)

Subsoil asset accounts (Oil and Gas)

9.

Waste accounts

Soil accounts

Water quality accounts

Accounts on water emission

Accounts concerning the use of feedstock
Areas for a middle term development and for an
experimental application in EU states.

Soil accounts

accounts of fisheries and fish

Water quality accounts

resource management expenditure (for water)
Economic instruments (grants)

Areas for a long term development and for an
experimental application in EU

environmental and recreational functions of
forests

ecosystems accounts

accounts of specific substances

Other management expenditure of resources
economic instruments

expenses related to natural and economic
disasters.

CONCLUSIONS

Eurostat in conjunction with the working group
"Environmental economic accounts”, usually collects
information for other fields also. Considering thigh
operationality accounts it is necessary to imprtve

The development of these accounts is made oncomparability between countries and also improve th
modules, in terms of keeping the integrity of such harmonization of data series.

elements.

Accounts can serve as a framework for obtaining 10. REFERENCES
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THE IMPORTANCE OF MANAGERIAL ACCOUNTING IN MANAGERI AL
ACCOUNTING SYSTEM
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ABSTRACT

In order to determine the role of Managerial Acdingnin a company’s information system we musttstath a
systematic approach. According to systematic ambr,ahis system is a structure that produces:
transformation;
self-adjusting;
synergy (the principle of totality).
Therefore, considering the above, the total is éighan the sum of the component parts, when weelerring to
plus- value creation.

Keywords: managerial accounting, role, accounting system.

1. INTRODUCTION

The research of an entity in a systematic vision
involves the following phases:

establishing the system requirements and
formalizing the stake in time and space
the identification, analysis and evaluation of
flow constraints
identification and analysis of subsystems
assembly
ensuring value of the internal dynamics of each
subsystem
interdependence and coherence value of the
functional system
flow analysis results
system control
system pilotage

2. THE INFORMATIONAL SYSTEM AND THE )
ACCOUNTING WITHIN THE SYSTEM %'EFmﬁ-'\lléﬁEMENT ACCOUNTING

In order to achieve the objectives of each entitg,
accounting management is one of the main sources o
information and data, presented in a performanperte
enabling decision making. The use of management
accounting is very important for the management act
because the external environment contributes tease
the interest in accounting information and dataeskh
conclusions lead to information on resources, omam
and material staff usage, market placing, the comypa
place on the market compared to other companigheon
competitive system.

In the specialized vocabulary, management
Bccounting can also be found under the name of
analytical accounting, managerial accounting, terimal
management accounting. Under this aspect we believe
that a diffrence should be made between management
accounting and managerial accounting, becauseirdte f
one is a component of the second. Management
accounting should be viewed as a system that ieslud
specific elements of general accounting, managerial
accounting, managerial control and internal audatl-of
this are pursuing the enterprise objectives antkryis
evaluation , improving risk management, control and

In order to establish market selling prices acaaydi éarocess management.

to the request and to achieve expected margins, th
company has to build and use a knowledge of theafos

. . . . In a schematic presentation, the components of
their products of their services and their workers. P P

managerial accounting system can form the diagram
below:
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In these conditions, management provides to the
manager "those elements strictly necessary to rake

Management accounting is often referred to as
"managerial accounting” or "cost accounting". The

understand the phenomena and processes that aneports prepared show the cash the company hamnioh h

occurring in the entity to provide operational infation
on which to take relevant decisions, to be ablotesee
the repercussions of taken decisions, to haveaherd
for making a permanent and effective control.

4. GENERAL CONSIDERATION ON
MANAGERIAL ACCOUNTING

Revolution of 1989 was a milestone in the evolution
of Romania as a state from all points of view —
economically, socially, and scientifically. Therisition
period from the communist market economy was
extremely complex and it was impossible to be
established as a period of time because it is enmadly
and socially dependent on the specifics of eactcpu
Socio- economic difficulties are important and they
depend on the measures taken to overcome them.

The distinctive feature of the market economy-t tha
is competition (an element missing entirely frore thid
social order) are the manifestation of freedontiative
and the determining factor that makes a companylevia
on the new market is regulated by supply and demand

Along with this, through the transformation of the
company's organizational scheme, because of eiserp
restructuring and elimination of state economictcmn
Free enterprise could occur and it raised the piisgi
that informational products provided by the accmgt
system to meet the requirements of internal andreat
users according to their interests. By adopting rnae
accounting law in 1991, major reforms have started
accounting reforms having as a main objective the
placement of the accounting component in a higher
position, that corresponds to the economic envignmm

5. THE CHARACTERISTICS OF
MANAGEMENT ACCOUNTING

Management accounting is a process through which
a company prepares reports for the top manageffkat.
company bases its major executive decisions orethes
reports. Management accounting facilitates shontte
decision-making.
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the sales amounts, amount of sales returns, ttehases

of materials, the purchase returns, the value efitbrk-

in-progress and the payables and receivables. But i

characteristics could be summed up by the following
Cause and effect analysis: Financial accounting
is limited to the preparation of profit and loss
account and finding out the ultimate result, i.e.,
profit or loss management accounting goes a
step further. The ‘cause and effect’ relationship
is discussed in management accounting. If there
is a loss, the reasons for the loss are probed. If
there is a profit, the factors different
expenditures, current assets, interest payables,
share capital, etc. So the study of cause and
effect relationship is possible in management
accounting.
Use of Special Techniques and concepts:
management accounting uses special techniques
and concepts to make accounting data more
useful. The techniques usually used include
financial planning and analysis, standard
costing, budgetary control, marginal costing,
project appraisal, control accounting, etc. The
type of technique to be used will be determined
according to the situation and necessity.
Taking Important Decisions: Management
accounting helps in taking various important
decisions. It supplies necessary information to
the management which may base its decisions
on it. The historical data is studied to see its
possible impact on future decisions. The
implications of various alternative decisions are
also taken into account while taking important
decisions.
Achieving of Objectives: In management
accounting, the accounting information is used
in such a way that it helps in achieving
organizational objectives. Historical data is
used for formulating plans and setting up
objectives. The recording of actual performance
and comparing it with targeted figures will give
an idea to the management about the
performance of various departments. In case
there are deviations between the standards set
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and actual performance of various departments audience to see how the company has performed.
corrective measures can be take at one. All this Financial accounting reports must be filed on anuah
is possible with the help of budgetary control basis, and for publically traded companies, theuahn

and standard costing. report must be made part of the public record.
Increase in Efficiency: The purpose of using - Management Accounting
accounting information is to increase efficiency Management or managerial accounting is used by

of the concern. The efficiency can be achieved managers to make decisions concerning the dayyto-da
by setting up goals for each department. The operations of a business. It is based not on past
performance appraisal will enable the performance, but on current and future trends, lwhic
management to pin point efficient and does not allow for exact numbers. Because managers
inefficient spots. An effort is made to take often have to make operation decisions in a shenibg
corrective measures so that efficiency is of time in a fluctuating environment, management
improved. The constant review of working will accounting relies heavily on forecasting of markaatsl
make the staff cost — conscious. Every one will trends.

try to control cost on one’s own part. - Differences

Supplies Information and not decision: The Management accounting is presented internally,
management accountant supplies information to whereas financial accounting is meant for external
the management. The decisions are to be takerstakeholders. Although financial management isreag

by the top management. The information is importance to current and potential investors,
classified in the manner in which it is required management accounting is necessary for managers to
by the management. management accountant ismake current and future financial decisions. Fiignc
only to guide and not to supply decisions. ‘How accounting is precise and must adhere to Generally
is the data to be utilized’ will depend upon the Accepted Accounting Principles (GAAP), but
caliber and efficiency of the management. management accounting is often more of a guess or
Concerned with forecasting: The management estimate, since most managers do not have timexat
accounting is concerned with the future. It helps numbers when a decision needs to be made.

the management in planning and forecasting.

The historical information is used to plan future 6.2 Similarities Between Management Accounting &

course of action. Financial Accounting
6. A PARALLEL BETWEEN FINANCIAL Accounting is a vital part of every business.
ACCOUNTING AND MANAGERIAL Accounting is used to create budgets, keep trachk of
ACCOUNTING business' assets and liabilities and provide arrative

picture of the business' financial health. There ar
Analysing the two sides of the accounting system several types of accounting a company uses, two of
we can establish with a maximum of objectivity btib which are financial and managerial accounting.
differences and the common elements of the two sub-Although both serve the same purpose, the auditmce

branches of Accountancy. each is different.
Financial Accounting
6.1 Differences Between Financial Accounting & Financial accounting is used to generate repods an
Managerial Accounting statistics to detail a company's financial health t

external interests. These external parties include

Financial and management accounting are bothstockholders, silent partners and mortgage holdirs. _
important tools for a business, but serve different €nables those external stakeholders to see how thei

purposes. A business uses accounting to determindnvestment is faring and can help a current stalkieno
operational plans in the future, to review past decide to remain a stakeholder, invest more in® th
performance and to check current business functionscompany or remove his assets and invest elsewhere.
Management and financial accounting have different - Managerial Accounting

audiences, as investors are not usually involvethén Managerial accounting is completed for internal
day-to-day operations of the business but are coade ~ Stakeholders, such as the management team. Maalageri

about their investment, whereas managers needdccounting is used for the day-to-day operationghef

information quickly to make daily business decision business. This information would be used to deteemi
sales prices, employee bonuses, raises for emE@ree
Financial Accounting other general operation decisions.
Financial accounting is used to present the fir@nci - Similarities _ _
health of an organization to its external staketrsd Both financial and managerial accounting methods

Board of directors, stockholders, financial indtigos present the general health of a business. Financial
and other investors are the audience for financial accounting reports are more formal and have atstric
accounting reports. Financial accounting presents aformat for presentation to external stakeholders.
specific period of time in the past and enables the Managerial accounting reports are more informatesin
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they are used in-house. But even with these diffegs, 8. CONCLUSIONS
both methods allow the reader to make a conclugion
the health of the business, allowing them to make Management Accountants have far advanced from

financial decisions that must be made. their tradition role of preparation of financial camon-
financial statements. The Management
7. THE NEED TO ESTABLISH NEW GOALS Accountants are now a members of management
itself which take part in decisions making.
Economic modelling must take into account the The managerial account information should be

strategic development needs so that the manageraent relevant, accurate, timely and cost effective.
identify and provide all the necessary informatidhe Managerial accounting should adopt itself to the
traditional analysis was modified due to the changing circumstances.
technological program, which sometimes introduces The management accounts re member of cross-
information that is not necessarily about costing functional teams which seeks ways and means for
operations. Quantitative and physical data playghdr strengthening the position of its company or orgatidn
and higher role, and current cost structure isugrted to boldly face the competitive environments and
by data that doesn’t consider manufacture cosif.itise dynamic conditions in the industry.
this context we find reverse relations between scest
indirect costs exceed direct costs and structurgsco 9. REFERENCES
approaches the material costs.

Changing boundaries of management accounting is[1] M. NICULESCU — Managerial Accounting, p. 9

influenced by a number's factors: [2] T. ASLAN — Managerial Control beyond
- Activities decentralization and emergence of a appearances
new type of management [3] M. CAPRON - Accounting in perspective, p. 57
Changing market policies by directing [4] S. BRICIU - Managerial Accounting - Theoretical
economic power to customer and practical aspects, p. 27
the emergence of new methods in production [5] G. RAICU, C. STANCA A. RAICU, Business
organizing. Cycles and Economic Distorsign€onstanta Maritime

University Annals, Year XIlII, Vol. 17, 2012

176



Constanta Maritime University Annals Year XV, Vol.21

MARINE ENVIRONMENT IN THE ROMANIAN LEGISLATION

GHEORGHE LUCIAN
“Ovidius University” of Constanta, Romania
ABSTRACT

In the overall context of sustainable developmshipping is a very powerful and positive force, ingka major
contribution to global trade and prosperity in aywhat has only a relatively small negative impantthe global
environment. Prevention, reduction and control afrime pollution caused or is linked to the actestiof the internal
waters, the territorial sea, the exclusive econoroice and the atmosphere above shall be carriethadcordance
with the Romanian legislation and Conventions tacwiRomania is a party.

Keywords: environment, marine, pollution

1. INTRODUCTION Measures taken under the provisions of this chapter
apply and those measures necessary to protect and
By marine pollution means the introduction by any preserve rare or fragile ecosystems as well asivimg
person or entity, directly or indirectly, of substas or environment of the species and marine organisms&ho
energy into the marine environment when it has aym numbers are declining, threatened or endangered. Is
have deleterious effects such as harm to livingueses, prohibited under the laws in force, pollution ofyatnd
marine living resources, hazards to human health,of internal waters, territorial sea and exclusicere®mic
hindrance to marine activities, including fishingqgda  zone and the atmosphere above it, by any manner or
other legitimate uses of the sea, impairment ofityuaf means, such as dumping, throwing, sinking or releds
sea water in terms of its of use and degradatioitsof the vessel or other floating plants, submergedxedfon
recreational values. Competent Romanian authoggés the aircraft and the sources located on the shére o
standards and take action to protect and presémwe t substances or non-degradable waste, toxic, radieact
marine environment and the prevention, reductiod an oil and other harmful substances harmful or haasdo
control of marine pollution in relation to maintaig the human health or to the flora and fauna of the sea,
safety of navigation and protection of the region other residues or materials can cause damage Ramani
concerned and ensure compliance and enforcement ishore or create barriers to legitimate use of tbe. s
ports in internal waters, territorial sea and esidle Where there is evidence that a vessel used for

economic zone of Romania. commercial purposes, which lies in the internalerst
Measures taken to prevent pollution of the marine territorial sea or exclusive economic zone of Roiaam
environment include the following limitation: Romanian legislation violated international rules tbhe

a) release of toxic, harmful or noxious substances,prevention, reduction and control pollution of tharine
especially degraded from land-based sources, from o environment by dumping or discharge of wastes a@r no
through the atmosphere or atmosphere by immersion ; degradable substances, toxic, radioactive, oil atier

b) pollution from vessels, in particular measures f harmful substances harmful or hazardous to human
preventing accidents and to cope with emergencieshealth or the flora and fauna of the sea, whichehav

ensuring the safety of operations at sea, to ptesjlts, occurred or may occur, pollution risks and damage t
whether intentional or not, and to regulate theigtes  shoreline Romanian or Romanian state interestsgr a
construction, equipment and resources of its interior maritime waters, terigbsea or
operation of ships and composition/structure affdct exclusive economic zone, the competent Romanian
their staff authorities have the right to legal action in cartion

c) pollution from installations and devices used in with the breach, the under Romanian law, and order,
exploration or exploitation of natural resourcestioé subject to international law and whether the evidgen
seabed and its subsoil, in particular measures forwarrants, detention. If a foreign vessel used for
preventing accidents and to cope with emergencies,commercial purposes is a Romanian port or at an
ensuring the safety of operations at sea and réiggla offshore terminal, Romanian competent authorities/ m
the design, construction, equipment and operatibn o initiate legal proceedings in connection with amgdrh
these facilities and devices and composition/stinect made by the ship and if the ship is in the intemmalers,
affected their staff ; territorial sea, the contiguous zone and the eraus
d) pollution from other installations and devices economic zone of Romania, can be tracked and esgtain
operating in the marine environment, applying measu in accordance with the law.
to prevent accidents and to cope with emergencies, If the internal waters, territorial sea or exclusiv
ensuring the safety of operations at sea, and atggl economic zone of Romania is a collision of ships,
the design, construction, equipment and operatibn o stranding or other maritime emergency and actions
such plant and equipment and composition/structurerelated to such an event may have harmful consegsgen
affected their staff. for the environment and marine fauna as well asrivatl
waters, territorial sea, exclusive economic zoneher
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Romanian coast, the competent Romanian authoaitees
entitled to take the necessary steps, corresporiditige
actual loss or the threat they represent in oral@ratect
from pollution or threat of pollution, and to ensuhat
these measures beyond the territorial sea .

The sinking of waste in the territorial sea, exislas
economic zone or continental shelf Romania Romasia
defined in art . 76 of the UN Convention on the Lafv
the Sea, can not take place without the prior esgre
consent of the competent Romanian authorities.

They have the right to authorize, regulate and
control the dive, after duly considered the mattéh
other States for which this can dive due to their
geographical situation, to cause, damage by potiutd
them and their environment.

2. POLLUTION PREVENTION. METHOD OF
IMPLEMENTATION

Prevent, limit and control the negative effects of
human activities on the environment have imposed
specific development of administrative techniques a
classic new ones (special), headed by a system o
permits, approvals and authorizations, to deterntiirge
extent to which pollution is allowed or prohibited.

This requires the establishment of restrictions,
different in nature and content, and to establish
conditions for the activities with possible negativ
impact on the environment, corresponding impliaagio
for the exercise of certain fundamental rights, t®d
property rights, free enterprise or the right t@ uke
common goods (water, air, etc.), on behalf of ddéarg
public interest environmental and basic human rigrd
healthy environment. States shall take, individualt
jointly as appropriate, all measures which are seaey
to prevent, reduce and control pollution of the imar
environment, whatever its source.

¢) pollution from installations and devices used in
exploration or exploitation of natural resourcestié¢
seabed and subsaoil, in particular measures foreptang
accidents and to cope with emergencies, ensuriag th
safety of operations at sea and regulating thegdesi
construction, equipment and operation of thesditiasi
and devices and their component affected staff ;

d) pollution from other installations and devices
operating in the marine environment, in particular
measures for preventing accidents and to cope with
emergencies, ensuring the safety of operationseat s
and regulating the design, construction, equipnaardt
operation of these facilities and devices and their
component affected staff.

When taking measures to prevent, reduce and
control pollution of the marine environment, Stasesl!
refrain from unjustifiable interference with acties
carried out by other States in the exercise ofr thights
and obligations in accordance with the provisions
convention.

Measure taken under this part include measures
necessary to protect and preserve rare or fragile
Bcosystems as well as the living environment of
declining species and marine organisms, threatemed
endangered .

When taking measures to prevent, reduce and
control pollution of the marine environment, Stasesl|
act so as not to transfer, directly or indirectigmage or
hazards from one area to another and not one tfpe o
pollution into another.

States shall take all measures necessary to prevent
reduce and control pollution of the marine enviremmn
resulting from the use of techniques within their
jurisdiction or under their control, or the intradion,
intentionally or accidentally, in a marine areaatién or
new species which may cause significant and harmful
changes to it. Each Party shall require that seigiled

They will use for this purpose, means best adaptedto fly its flag to possess on board an emergenay for

for disposal, according to their means, and shall
endeavor to harmonize their policies in this comioac

combating oil pollution, as required and to thisl ¢éhe
provisions adopted by the Organization in accordanc

States shall take all measures necessary to ensureith them.

that activities under their jurisdiction or unddreir
control to be conducted in such a way as not tseau
damage by pollution to other States and their
environment, such as pollution from incidents or
activities under their jurisdiction or control dotrextend
beyond the areas where they exercise sovereigtsrigh
accordance with the Convention.

Action is all sources of marine pollution.

They include, in particular, measures that tend to
limit as much as possible:
a) release of toxic, harmful or noxious, especiaibn-

degradable substances originating from land basedaccordance with procedures

sources, from or through the atmosphere atmospirere
immersion;

b) pollution from vessels, in particular measures f
preventing accidents and to cope with emergencies
ensuring the safety of operations at sea, to ptesfalts,
whether intentional or not, and regulating the gesi
construction, equipment and operation of shipsthed
component affected staff ;
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A vessel must have on board an emergency plan to
combat oil pollution under subparagraph a) is sutbjgs
long as it is in a port or terminal in the sea untte
jurisdiction of a Party, control officers duly aotived
by that Party for this purpose according to thecticas
set out in existing international agreements oionat
law.

Each Party shall require that operators of offshore
units under its jurisdiction possess plans for catinig
oil pollution, to be coordinated with the natiorsgistem
established in accordance with art. 6, and approned
established by the
competent national authority.

Each Party shall require that authorities or omesat
in the service of these sea ports and oil handtiegns ,

within its jurisdiction, as appropriate, to possgdans

for combating pollution by oil or similar arrangentg,

to be coordinated with the national, and approved i
accordance with procedures established by the
competent national authority.
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3. RESPONSIBILITIES OF THE MASTER AND
OFFICERS ON BOARD TO PROTECT THE
MARINE ENVIRONMENT

According to the Minister of Public Works,

Transport and house no. 1730/2001 on the apprdval o

incident reporting in involving ships carrying dangus
goods, substances harmful and/or marine pollutants:

The details are not immediately available to be sen
in a supplementary report.

In the case involving harmful substances and/or
marine pollutants, additional report must follow
immediately or as soon as possible after the Inigjport.

The additional report must include information that
is essential for the protection of the marine esrvinent,
according to the incident. Such information shadlliide

Captains of ships carrying dangerous goods, the letter. P, Q, R, S and X, has as provided aticze 2
harmful substances or marine pollutants in packagedof the Annex to this order.

form in Bulk or involved in an incident in watersder

The probability of a discharge resulting from

the jurisdiction of Romania or Romanian ports and damage to the ship or its equipment as a reasoral@

masters of ships flying the Romanian flag, involved
incident outside the waters under the jurisdiction
outside Romania Romanian ports are required toewrit

a report.
In order to determine whether there is such a
probability, and if it is necessary to report, t© faken

and report compliance with the requirements of this into account, among others, the following factors:

order.

1. Nature damage, deterioration or malfunctiontops,

The reports provided for must be submitted as installations or equipment;

follows:
1.If an incident occurs in waters under the judgdin of

Romania, the master involved you must immediately

notify the operator of communications service call,
danger and rescue by the coast radio stationast ;e
of the frequencies assigned call communicationsgéeia
and rescue of 500 KHz, 2182 KHz or 156.800 MHz.

2. If an incident involving a ship flying the Ronian
flag outside waters under Romanian jurisdictione th

2. Sea state and weather conditions and traffisitem
the area at the time and place of the incident.

The master of the ship shall report at least the
following cases:
1. Damaging, deterioration or damage affecting the
ship's safe, produced as a result of incidents @sh
collision, aground, fire, explosion, structural dage,
flooding, cargo shifting; and
2. Failure of plant or equipment which results in

report should be made to the nearest coastal Statémpaired vessel navigation safety, produced asualtref

through appropriate coast radio station. If theident
affects the safety of navigation, the report wik b
preceded by a call of danger, and if the inciddfacts
the safety of the ship or persons, to an emergeaity

3. If the vessel is in the vicinity of coastal raditations
medium frequency (MF) and very high frequency
(VHF), the report must be done to the nearest abast
radio station High Frequency ( HF) or maritime Bige
communications system

4. If the vessel is in or near an area that wesbéished a
system for reporting by ships, the report must g $0
the designated body responsible for the operatidhat
system.

incidents such as failure of the steering system,
propulsion plant, the power generation system fietec
generator), naval means essential shipping insaranc

If a vessel is engaged or both are required to be
engaged in an operation to provide assistancesnuee
of a vessel involved in an incident referred taam I,
paragraph. 1 lit. a) or b) of Protocol | of MARPOL
73/78, the master shall report without delay saving
features action taken or planned.

The report should include letters. A, B, C (and, D)
E,F,LLM,N,P,Q,R, S, T,Uand X.

Saving master must ensure that the coastal State is
informed of the action's rescue. Failure to compith

5. Reporting format and reporting procedures mustthis order by masters Romanian maritime flag isoact
comply with the requirements of section 2 of the indiscipline and sanctioned in accordance withlde

"standard reporting format and procedures" of theex
to this order.
5. Addition to reports made according to item 1.ewh

Failure to comply with this order by masters of
ships flying the flag of another State, in the waitender
the jurisdiction of Romania, determined by portteays

the incident occurs in the handling of hydrocarbons will be naotified to the NRA authority that issuedtpnt

terminal, the terminal operator also needs to tetfar
incident:

a) as soon as possible and using the most rapidsiea
the Harbor Master in whose area of activity is teah

b) if possible, in accordance with the provisions o
section 2 of the Annex to this order.

For communication coastal radio station reports do

not charge fees.

The reports should contain specific information
included in section 3 "Detailed reporting requirermsg
Annex to this order. In drawing up reports will usems

and concepts specific requirements of the IMDG Code

IBC Code and IGC Code INF Code.

that command and authority which granted the right
fly its flag ship involved. In particularly seriousases,
the competent Romanian authorites may, as a
complementary, seizure of ships, installations, rgea
apparatus and other items from the offender, in
committing the offense used.

Property acquired by committing the offense shall
be confiscated. Penalties also apply to legal pestso

No contravention facts provided, if committed in
order to ensure safety of navigation or ship oirgalife
times in order to avoid damage to the ship or cargo

Offences and penalties shall be established in
accordance with the regulations for staff supeovisand

The provisions of the Annex to this Order shall not control of the navigation of the Ministry of Public

apply messages danger referred to in regulatior2\of
SOLAS.
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of Interior, Minister of Water and environmental
protection, the Minister of Agriculture, food and
Forestry and the Minister of Health and others
specifically authorized by law. Fines for offensest

exempt the offender from the obligation to pay

And it even more today as environmental pollution
negatively affects the economic and social activity
around.

Therefore, it is necessary scientific research and
thorough knowledge of each legal institutions, uldihg

compensation for the damage caused by land, ilternathe concept of ecological damage, which makes ateur

waters, territorial sea and exclusive economic zohe
Romania, according to Romanian law.

Fines imposed on individuals or legal entities khal
be paid in convertible currency by converting firefs
USD currency at the official exchange rate fromtihee
of committing the offense.

Against the contravention report may be submitted
within 15 days of notification, the Department oaivhe
and river to Court Constanta.

The offenses are applicable Government Ordinance

no. 2/2001 on the legal regime of contraventions.

4. CONCLUSIONS
Shipping — which transports 90 per cent of global
trade — is, statistically, the least environmemtall

damaging mode of transport, when its productiveieal
is taken into consideration. The vast quantity odirmgy
required to make the world’s daily bread, for exéamp
could not be transported any other way than by.ship
Moreover, set against land-based industry, shipsna
comparatively minor contributor, overall, to marine
pollution from human activities.

IMO'’s original mandate was principally concerned
with maritime safety. However, as the custodiarthaf
1954 OILPOL Convention, the Organization, soonrafte
it began functioning in 1959, assumed responsjbitit
pollution issues and subsequently has, over maaysye
adopted a wide range of measures to prevent artdoton
pollution caused by ships and to mitigate the ¢$fexf

and fast compensation of environmental damage dause
by pollution.

In  the right environment for expressing
environmental damage caused by pollution, sometimes
uses the phrase ‘“environmental damage" or
"environmental damage", which includes both suffere
pollution damage to the natural environment, ad a®l
those incurred by the person or property other tihan
natural environment.

In the event of acts for which Romanian law
provides for the arrest or detention of its forergaster,
the competent Romanian authorities will immediately
notify consular or diplomatic mission of the flagat&
measures taken.

Detained ship and crew will be released as soon as
the appropriate bail, according to the legal retiutas in
force.

Bail will be set at USD and will be paid in
convertible currency by converting the sum of USD
currency at the official exchange rate at the tiofe
committing the offense.

Bodies of the Ministry of National Defense and the
Ministry of Interior will enforce the law and withssist
other State institutions to the application of cber
measures against foreign ships in the territoa and
the exclusive economic zone of Romania, under the
present law.

Environmental goals and improving environmental
conditions can only be achieved within the actual
process of social and economic development, which

any damage that may occur as a result of maritimeneeds specific regulatory means based on the disgov

operations and accidents.

of correlations, which can influence the evolution.

These measures have been shown to be successflinvironmental policy based on social support of the

in reducing vessel-sourced pollution and illustréte
commitment of the Organization and the shipping
industry towards protecting the environment.

Of the 51 treaty instruments IMO has adopted so
far, 21 are directly environment-related or 23,thge
environmental
Removal Conventions are included. The Marine
Environment Protection Committee (MEPC) is IMO's
senior technical body on marine pollution related
matters. It is aided in its work by a number of IO

Sub-Committees. Environmental legal issues are so05.

complex and complicated that hardly will soon fiad
safe solution, theoretical and practical, in allaspects.

For this reason, the activies aimed at
environmental protection to be successful, must be
implemented and scientifically legal institutiorslated
to these activities, including the concept of egaal
damage.

Environmental policy based on social support of the
majority, there can be no real and thorough assassm
of the situation and without knowing the society.
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majority, there can be no real and thorough assassm
of the situation and without knowing the societydAit
even more today as environmental pollution neghtive
affects the economic and social activity around.
Therefore, it is necessary scientific research and

aspects of the Salvage and Wreckthorough knowledge of each legal institutions, uihg

the concept of ecological damage, which makes ateur
and fast compensation of environmental damage dause
by pollution.
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SPECIAL RULES OF PROCEDURE FOR CONDUCTING RESEARCH ON BOARD

GHEORGHE LUCIAN

“Ovidius” University of Constanta, Romania

ABSTRACT

1982 Convention requires Member shall cooperat¢his area and to exercise freedoms granted takitg i
consideration the interests of other countriestaei rights on the international activities of th@bmarine areas.
Seas must be used exclusively for peaceful purpasgsohibited, for example, nuclear testing ie thigh seas and
airspace above it (treaty of 1963) or the placenaéntuclear weapons on the seabed (Treaty of 19563s is not,
however, demilitarized and nuclear-free neutralimstrictions set partially in character, so tmatiine of peace on the
high seas is allowed there military navies and seasrtime can be used as a theater of operativiitsry.

Keywords: rules, procedure, research on board.

1. INTRODUCTION

Specific offenses naval

transport system are

passing through the territorial sea, of an offense
committed on board, unless:
a) the offense was committed by a Romanian

provided in special laws, such as Law. 191/2003 oncitizen or a person without citizenship residing in
offenses shipping, Government Ordinance no. 42/1997Romania;

regarding shipping, Law no. 17 of 7 August 1990,
republished, the legal regime of internal
territorial sea,

waters,
contiguous zone and the exclusive

b) the offense is against national interests oimaga
a Romanian citizen or a person resident in Romania;
c) the offense is likely to disturb the public ordie

economic zone of Romania Government Emergencythe country and order within the territorial sea ;

Ordinance no. 23/2008 on fisheries and aquaculture.

d) the exercise of jurisdiction is necessary Romania

Taking action and conduct research on board a shipsuppression of illicit traffic in narcotic drugs psychotropic

flying the flag of a foreign state, the Romaniaatet
concluded agreements which provide
notification of the State whose flag the vessesigll be

in accordance with the provisions of this Convemtio
For works that do not have a criminal or public eard
interests, port captains will assist foreign skigpen
board measures only at the written request of thsten

or consular officer of the State whose flag.

Criminal Procedure Code regulates the criminal
investigation into the safety of navigation is jpenfied
by the harbor that particular organ, for crimesiagfathe
safety of navigation on the water and against oedet
discipline on board and service for offenses oatesl
service provided in criminal Code committed by lcan
Navy aircrew if the act had or could jeopardize shéety
of the ship or ships.

From this point of view, the territorial competence
is simplified as in Romania being one sea-riverrtou
follows that whatever the place of commission of
offenses or acts and domicile or headquarters ef th
natural or legal disputes are settled by the Coamstant
sea-river station.

In the territorial jurisdiction of Romanian couits
established by an authority it has a sea and sgetion,
but it is "limited" because the law of judicial
organization by the Minister of Justice such aictatvas
established only in the Constanta Court.

Romanian criminal jurisdiction applies to any
offense committed on Romanian territory by persons
board foreign ships used for commercial purposed, a
of any offense committed on board such ship, theeti
when it is in port Romanian or internal waters.
Romanian criminal jurisdiction shall not be exeecison

board a foreign vessel used for commercial purposes
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consular

substances ;

e) assistance Romanian authorities has been
requested in writing by the master or by a dipldmat
agent or consular officer of the flag ship.

Romanian criminal jurisdiction applies to
infringements of the provisions of this Law on the
Exclusive Economic Zone of Romania by persons on
board foreign ships used for commercial purposdbei
acts are committed in such circumstances that the
criminal law are considered offenses.

Criminal jurisdiction on board a ship flying thead
of a state with which Romania has concluded a dansu
convention or other similar agreement is exercised
compliance with them. In exercising jurisdiction
Romanian Romanian competent authorities may provide
in accordance with the legal provisions in force,
detention or seizure of foreign vessels used for
commercial purposes and will take enforcement actio
against such vessel is in the territorial sea, agers
interior sea or the contiguous zone of Romanigngure
fulfillment of obligations incurred or other obliians
assumed by the vessel during or in connection thith
passage through the territorial sea or internakxgaof
Romania and other claims arising from events naiziga
resulted in the damage to the ship or cargo, arltieg
from collisions, or rescue assistance, and for dg®a
costs and the like. In case of violation of the Roran
state sovereign rights of exploration, exploitation
protection, conservation and management of the
environment and living resources in the exclusive
economic zone, the Romanian authorities will take t
necessary steps, in accordance with Romanian law in
force and international conventions which Romasia i
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party, including inspection or detention of foreign done by agreement of the parties under interndtiana
vessels used for commercial purposes. provided that the solution reached is fdllonsecration

The ship and its crew detained will be released legal continental shelf appeared and imposed dlfter
immediately after filing a bond or other appropgiat Second World War, when the improvement of means of
safeguards. Where there are reasonable grounds texploitation submarine (flora and fauna, oil ands ga
believe that a vessel used for commercial purposesdeposits or metal) aroused interest in harnesdimgg t
which lies in the internal waters or the territbisaa or developed countries of such resources.
sailing times that passed through the exclusiva@eic The legal regime of the continental shelf emerged
zone of Romania, the Romanian legislation or rules first as a unilateral practice of states, which basome
violated international the prevention, reductiondan the custom character and then enshrined in the
control of marine pollution, the competent Romanian "Convention on the Continental Shelf" signed in 8emn
authorities are entitled to require the vessel @xgtion in 1958, where he was taken in the Convention @n th
of the facts complained of, and to inspect the ,shigere law of the Sea in 19820n the continental shelf of the
they refuse to provide an explanation of or if the coastal State exercises sovereign rights of exjdora
explanations received does not correspond to ttis,fa and exploitation of its natural resources.
and where the evidence so warrants, institute legal No other state can acquire rights over the
proceedings in connection with the breach, accgrttin  continental shelf without the express consent @& th
the Romanian legislation, and, among other measuresoastal State. However, the coastal State maynmutde
necessary to order, subject to international law, another state to install and use pipelines and aubm
detention. Full sovereignty over its territory aritime cables in the area of its continental shelf. Thaegshall
state is exercised by the outer limit of the teriél sea be established, however, together with the co&dtde.
beyond the seas start. Security needs of states, or Rinveran state rights in its continental shelf ad n
achievement of their own interests and in certangd depend on the actual occupation or any express
portions beyond the outer limit of the territorea and  declaration by it.Rights over the continental shelf can
dedication led to the special areas in which states  not affect its over seas or airspace that remaisiaei of
entitled to exercise certain attributes of theireseignty. any right of sovereignty.

These areas are contiguous zone, continental shelf  Coastal State is keen to exploit its continentalfsh
and exclusive economic zone. Contiguous zone is thewithout thereby hampering free shipping or to s4sip

portion of the sea which extends beyond the outeit |  harm marine biological resources.

of the territorial sea to a distance of 24 nauticeles He can build or implanting artificial islands and
from the baselines to sea, the coastal State h#airce other installations for the exploration and ex@tdn of
exclusive rights precisely determined. the area around them and establish security zomése u

In this area the coastal state is entitled to égerc 500 m, provided they are not located in places that
control laws and regulations to prevent abuse sf it would hinder the normal use of shipping lanes.
customs, fiscal, health and border regime. Exclusive economic zone concept is recent, he
Coastal State may take any measures to prevent angdppeared after 1946 when some South American
sanction the violation own under the same conditia®  countries interested in protecting their fisheries
in its national territory, but only in the areasntiened. resources, established certain areas to protedt the
From the historical point of view, the origin ofeth  coastal fishing rights beyond the territorial sehe
contiguous zone are areas where certain maritimeyarying distances of up to 200 nautical miles frtm

powers have booked since the eighteenth centuresomocean. Such zones were subsequently established by
exclusive control rights in customs, and in othezaa to other countries, especially in Asia and Africa.

better protect their interests, while the terrabsea does Conventional about this right was enshrined in the

not exceed 3 km in width. _ _ "Convention on the Law of the Sea" in 1982, as ohe
In terms of geological continental shelf is an the mostimportant innovations of the Convention.

extension of the slope below the sea shore of ataba The exclusive economic zone is a portion of the

State on the steep Mrs. PA. Legal Aspects of the @& high seas to sea stretching distance of 200 nautibes
the Sea Convention 1982 defines the continentdf ake from the baselines from which the territorial sea i
soil and underground submarine areas that extendmeasured. EEZ is not part of the national territiryhe
beyond the outer limit of the territorial sea thgbout  state is subject to the jurisdiction thereof rivera

the natural prolongation of the land territory he touter Ea only for some economic rights of exploitation.
limit of the continental slope, or until a 200 nsilaway In the exclusive economic zone the coastal State ha
from the size measured from the baselines of thesgyereign rights for exploration and exploitation,
territorial sea where the outer limit of the costfital conservation and management of natural resources,

Slope does not reach this distandéhere the continental bi0|ogica| and non_bi0|ogica|’ seas and oceans.

slope extends over very large distances of several  Freedom of navigation and overflight and the laying
hundred kilometers, the convention establishes t@t  of submarine cables and pipelines, which have el t
continental shelf shall not exceed 350 miles frdm t world's seas should be respected in this area.

baseline or 100 km beyond the point where the water  Coastal State in the area can build and use datific
depth reaches 2500 m. Delimitation of the contiaknt jsjands, installations and structures in economipgse
shelf is within the limits set by the Convention e&Ch and is 0n|y r|ght to authorize and regu]ate the

riparian state for its area. Between neighboringnt@es  construction and use of such facilities to othatest.
or between countries situated in front of demaotais
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He also has the right to conduct marine scientific
research in the area and establish marine congarvat
measures, other states have authorized such divit
need to.Coastal State may conduct fishing activities in
the area, but other mining and exploration actsitin
the area for business purposes such as power gjenera
using water, marine currents and wind etc.

In terms of fisheries, the coastal State may eistabl
total catches, catches its own volume and agreement
with other countries, their fishing quotas in theea
giving preferential treatment in this regard larutied

of the ship or ships.

LAW NO. 17 of 7 August 19905 on the regime of
internal waters, territorial sea, contiguous zond the
exclusive economic zone of Romania Romania
governing criminal jurisdiction that apply in respeof
any offense committed in the novel by persons aardbo
foreign vessels used for commercial purposes, d&nd o
any offense committed on board such ship, the time
when it was in Romanian ports or internal waters. |
accordance with Art. 49 nr.17/1990 law constituges
crime punishable by imprisonment from 3 months to 2

countries and the economically disadvantaged, asyears or a fine discharge of pollutants from a &hip

recommended in the wording of the Convention 0f2198

2. RULES APPLICABLE TO FOREIGN
WARSHIPS, SUBMARINES AND OTHER
SUBMERSIBLE VEHICLES AND OTHER
GOVERNMENT SHIPS USED FOR
GOVERNMENT SERVICES

Foreign military ships, submarines and other
submersible vehicles and foreign flag vessels used
government services may enter the territorial sea,
ports and shave only with the prior approval of the

Romanian Government, except in cases of emergancy oequivalent

storm shelter. Approval is requested at least 3¢sda
before the date on which it was to be passing titiabe
territorial sea or visiting ports or laugh unlestvbeen
Romania and the flag State agreed otherwise.

a) the internal waters or ports aquatory where
applicable Marpol 73/78;
b) the territorial sea;
c) the exclusive economic zone or in an edeiva
area determined in accordance with internationa] la
d) the high seas.

To the extent not inconsistent with the provisiofis
international law, the Romanian criminal jurisdicti
applies to the facts mentioned above committed by
foreign vessels:

a) the exclusive economic zone of Romania oarin
area determined in accordance with
international law;

b) outside Romania and the exclusive economie z
but have caused or threaten to cause pollutiontsin i
territory or in its exclusive economic zone and sh is

Foreign submarines and other underwater vehiclesvoluntarily within a port or offshore terminal of

passing through the territorial sea are required to
navigate on the surface and fly the national flag.

Those who will be in immersion will be forced to
come out. In case, due to a fault may not cometbaty
are bound to signal, by all means, the situatiowliich
it is located.

If a foreign warship Romania violate laws and
regulations in the internal waters or territoriglasand
disregards the warning that was given to complyhwit
them will be ordered to immediately leave the terral
sea of Romania.

Liability for any loss or damage caused bg@ign
warship or any other ship of state used for govemm
services or commercial purposes and by people who a
part of the crew of such vessels, the time whervéssel
was in ports, internal waters, territorial sea ardusive
economic zone of Romania returns the state whasp fl
the vessel.

3. APPLYING THE CRIMINAL JURISDICTION
OF ROMANIA ON BOARD

Romania;
c¢) the high seas, and the ship is voluntarilihiw a
port or offshore terminal of Romania.

In application of art. 230 para. 1 of the UN
Convention on the Law of the Sea, signed at Montego
Bay (Jamaica) on 10 December 1982, ratified by Law
no. 110/1996, the facts set out in art. 49 comuhikig a
foreign vessel outside Romania are punishable fiyea
in cases where the criminal jurisdiction of Romania
applicable under national or international rule.

Not covered by that Article discharges of polluting
substances from ships of war, the auxiliary warslaipd
other vessels belonging to the Romanian state athan
state or operated by it and used exclusively fa th
service when discharged public, noncommercial use.

Also not covered by this article acts committed by
the owner, master or crew, if the discharge ofysatits
has been produced under the terms of Rule 4.2 eof th
revised Annex | or Annex Il Revised Regulation 3.af
the Marpol 73/78.

If the Romanian Naval Authority finds an offense
under this law or is aware of the risk of commiitisuch

Field research and reconstruction, carried on shipsan offense that causes or may cause imminent jaoilut

or ports inside the courts or other bodies prosecut
than port captains, are only assistant port capiaihis
representative.
Criminal Procedure Code regulates the criminal

investigation into the safety of navigation is jpenfied

by the harbor that particular organ, for crimesiagfathe
safety of navigation on the water and against oeaet
discipline on board and service for offenses oatesl
service provided in criminal Code committed by lcan
Navy aircrew if the act had or could jeopardize shéety
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shall inform the other Member States likely to be
exposed to such damage as and the European
Commission. However, if the Romanian Naval Authorit
finds an offense under this law or is aware ofribk of
committing such an offense, which may be subjeth¢o
jurisdiction of another Member State shall immegliat
inform the Member State thereof. Romanian Naval
Authority shall immediately notify the flag State any
other State concerned of measures taken
implementation of this law.

in



