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APPROACHES ON CONTAINER SHIP STABILITY CRITERIA
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L2Constanta Maritime University, Romanidargoviste Valahia University, Romania
ABSTRACT

The paper proposes new evaluation criteria forcth@ainer ship stability based on computer caloutat As it
know when sail through heavy weather a vessel pmged to a significant variation of stability in ves and lead to
loss of intact stability. Understanding the dynastability in waves is a big challenge because’sHhiphaviour cannot
be framed in clear mathematical and physical rukes. this reason any effort in order to assesssthbility of the
vessel is welcomed. One solution to evaluate tepaese of the vessel in heavy seas according te gamameters
variations could be the OCTOPUS program develoyedMARCON.

Keywords: parametric resonance, surf-riding and broachingp&hstability

1. INTRODUCTION the intact stability performance of ships, have ivated
the development of the intact stability criteria the

As per the last UNCTAD 2015 report, seaborne IMO. In 1995 the Maritime Safety Committee approved
shipments have increased by 3.4 per cent in 204 g the Guidance to the master for avoiding dangerous
the same rate as in 2013. Additions in volumes eded situations in following and quartering seas. Frdme t
300 million tons taking the total to 9.84 billiconts. The beginning the Guidance was to be reviewed and
containerised trade was estimated to have increlbged improved, in respect to large ships, and on théshafs
5.3 per cent and reached 171 million TEUs. Slow new technical developments and in the light of
steaming, implemented as a response to oil anddounk experience gained from its application. Also fag #hips
fuel increasing price, is estimated to have redulte which are equipped with on-board computer, the
equivalent of 7.0 per cent of the global contaifieet Administrations are encouraged to use specially
capacity. Despite the lower and bunker fuel cositsy developed software which would take into accoust th
steaming remain a practice in container shipping an main particulars, actual stabilty and dynamic
nothing seems to change in this aspect. Meantime,characteristics of the ship in real voyage condgif?]
shipowners continue to order very large new vessels After many years, in 2008 was adopted the Inteonati
very recent ordering being of 11 second generatibn Code on Intact Stability which presented mandasorg
Triple-E container vessel with a capacity of 19,630 recommendatory stability criteria and other measine
TEUs each. In order to realize the economies ofesca ensuring safe operating of ships.
the average vessel size for all new orders by tbp 1
companies, is above 10,000 TEUs which is double 2. LARGE CONTAINER SHIP BEHAVIOUR
compared to the current average size of vessetkein  AND DANGEROUS PHENOMENA IN HEAVY
existing fleet of each company.[1] SEAS

These trend have produced significant changes in
the design and operation of the commercial ships ov The current large container ships have a specific
the last several decades. An aspect of the operafio hull shape, the submerged part; due to hydrodynamic
such vessels is sailing in rough seas. Increase offficiency has a narrow bow and aft parts. But tHae
containers space and transport efficiency couldhawe upper part of the hull, due to cargo stowage
been achieved without a parallel development of considerations, is usually wide. Unlike the largdkb
sophisticated hulls with very high form stability, carriers or tankers, the large container ships diamut
combined with slender lines and low resistance.s€he half of hull wall-sided and this is a challenge for
new hull forms show a significantly larger variatiin dynamic stability of the ship in rough seas.[3]
stability during a wave passage compared to mad-tr As per Swedish Club report, half of the cost oaltot
tional forms. The wide beam of many container vissse claims was for container vessels. When a container
usually results in large GM values. In some casesrey  vessel sails through heavy weather the contairmekst
the vessel is partly loaded, the GM appear to teen will be under a lot of stress and damage to thé d¢wl
excessive. This can become very problematic if the cargo are not uncommon. In some cases where tiselves
vessel is caught in heavy weather causing cargarisec is partly loaded, the GMs appear to have been sikaes
arrangements to break and containers to fall otho  This can become very problematic if the vessehisgght
Ship’s stability in following and heading seas nizy in heavy weather because can causing cargo-securing
also equally dangerous due to an unexpected rdlbmo  arrangements to break and containers to fall oerho
caused by parametric resonance. Parametric resmnancThe reason why hull damage occurs when vesselisail
can arise for modern container carriers due to theheavy weather is the same as the reason for cargo
particular hull forms used to achieve an optimadi&-off damage. If crews do not slow down or alter course t
between high service speeds and maximum containeavoid large waves, there is risk of the hull damdges
payload above deck. These changes, and their ingpact not surprising that 33% of all H&M heavy weather
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claims happen in the Atlantic and Pacific oceank. O stability, and broaching-to are among the primandes
these claims 48% are for container vessels, 27% forof stability failures which are being addressedwiéts
bulker vessels and 15% for RoRo vessels .[4] recognized that in view of a wide variety of typsies
The effect of stability variation in waves has been of ships and their operating and environmental
an expanding research in the last decades. Aftereso conditions, problems of safety against accidentstad
vessels have experienced dangerous and unexpecte stability have generally not yet been solved.[6]
rolling, the investigations have shown that thesdions In particular, the safety of a ship in a seawayoives
are based on phenomena known as parametric reeonancomplex hydrodynamic phenomena which up to now
(synchronous and parametric roll resonance). Thare  have not been fully investigated and understood.
be additional dangers by reduction of intact sigbil Motion of ships in a seaway should be treated as a
caused by riding on the wave crest on successige hi dynamical system and relationships between ship and
wave or surf-riding and broaching in following s¢8k environmental conditions like wave and wind exaitas
The phenomena described in Table 1 can occur when are recognized as extremely important elementsedas
ship is sailing in high seas and meets the canttiThe on hydrodynamic aspects and stability analysis siip
phenomena can be separated or combined. in a seaway, stability criteria development poses
complex problems that require further research.[7]
Table 1. Dangerous phenomena, terms of appearance Nowadays are working on the Second Generation of
and ship’s behavior in heavy seas Intact Stability Criteria based on principle of ieasing
complexity by multi-tiered approach. The workingap

Phenomena| Condition1 Condition 2b§r:gov;sor on intac_t stability criteria concentrated to theele 2
— . formulation for the parametric roll and pure losk o

Surf-riding [Following  Wave speer [Large stability.[8]

and and is critical heeling,

broaching- |quartering  |betweer ship’s 3 MATEMATICAL BACKGROUND OF

o sea Le&lLand  head PARAMETRIC RESONANCE

3VLand L = {changing

ship's lengtl - jand The Mathieu equation is the simplest mathematical

capsizing model of parametric roll and it has been used tlyse
: : dange this phenomenon. Considering a ship in longitudgesls
Reduction ol Following  Wave length [Intact and there is no wave heeling moment:
intact and is larger thar [stability
stability qguartering 0.8 x ship decrease - . — 1
caused by sea length anc  [substanti (i + As)+ Bay + AGM(D = 0. @
riding on the wave heigh lly Here, By is the linear damping coefficienty is the
wave crest a IS larger thar weight displacement of a ship, Is the transverse
midshir 0.04 x shir moment of inertia, 4y is the added mass in roll and GM
lengtt is metacentric height. The variation of GM at wave
SynchronouAll Encounter  lLarge through in time can be written as:
rolling directions  wave perioc [rolling
motior is nearly motions GM(t) = GM,, + GM,cos (ot), 2
equal to the
natural

: . Here, [, is the encountered wave frequency, il the
rolling period mean value of GM and GMs the amplitude of GM

: of shir changes in waves:
Parametric |[Head anc Encounter  [Unstable
rolling bow wave wave perioc |and large GM, = 0.5(GM,0 — GMyyin); (3)
motior is nearly hall Jroll ? max i
of t_he natura |motions GM,, = 0.5(GM, 0 + GM,pip). (4)
rolling period
of shig GMpax and GM,, are the maximal and minimal

) ] o ] instantaneous values of GM for a number of wavstcre
The dynamic behaviour of a ship in following and hositions along the ship hull. Substitution of the
quartering seas is very complex. Ship motion iéhr  yefinition of (2) into the roll equation (1) and idivision

dimensional and various detrimental factors or py the inertial coefficient result the following wation
dangerous phenomena such as additional heelingg roll motion:

moment due to deck in water, water shipping and

trapped on deck or cargo shift due to large roltioms, "+ 28+ (3, + 2 cos(,t)) - t = 0. (5)
may occur in combination with the above-mentioned

phenomena simultaneously or in a sequence. Newygre-

research have been made in the last years leading t

IMO 2008 Code of Intact Stability where mandatongl a o Wy 1 Ba
recommendations relating to intact stability was m= /Ix+AT4; a = /IX+A:4 ;0 = Em; (6)
introduced. Parametric roll resonance, pure loks o
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For transforming (5) into standard form of Mathieu is for p = 0.25 and the frequency ratio of 2 meta

equation dimensionless time is introduced: the excitation frequency is twice the natural roll
frequency at this point and the unbounded motiothis
T= tot= I 7) zone is known as principal parametric resonance.

Substitution (7) into roll equation (5) : ’

(=2

d2

d
= 2+2ud—-i- + 2cos (1)) (8)

The coefficients of equation (8) are the dimensssl

guantities:

w=l om. _a 9)

e e e
2 4 6 B P

The next substitution eliminates damping by intridg
new variable x: N

(1) = x(¥) - exp(—p). (10) .
The finally expresses roll in the form of the Mathi Figure 3 Ince-Strutt Diagram

equation by substitution equation (10) into (8):

The Mathieu equation (11) has a bounded solution
because the damping was excluded (10) therefoee, th
corresponding roll,[I(t), decays with the damping
decrement,p if x(t) is a periodical solution of the
Here: Mathieu equation, as shown Figure 1. An unbounded

solution of the Mathieu equatior(t) (as in Figure 2),
p=CG—-u)qg=3 (12) does not necessarily mean that rolling will be unised
because the exponential term eyp)-might undo the

The Mathieu equation is a linear differential effect of boundlessness by damping the solutiork bac
equation with variable coefficients. It solutionncat be a decaying form. It also means that there is astuiel
expressed in elementary functions. As is known, thevalue for roll damping for each pair of Mathieu
Mathieu equation (11) may have two type of solution  parametersp and g. If roll damping is less than the
Mathieu functions: bounded or “stable” (Figure Bida  threshold value, roll will be unbounded as the sofuof
unbounded or “unstable” (Figure 2), depending on the Mathieu equation. If the roll damping is largean
combination of coefficients p and q. the threshold, roll is still bounded, even if theatkieu

equation is unbounded.[9]

N /\ /\ /\ A /\ /\ /\ A / 4. COMPUTER ANALYSIS OF SHIP'S
v \j N \/ v \JUV \/ %] '™  OSCILATIONS USING OCTOPUS PROGRAM

Nowadays, one of the vessels cacteristics is the
Figure 1 Bounded Solution of the Mathieu Equation  seakeeping performance because the ship’s beahviour

2

d?x
F) + (p + qcos(‘r)) x=0. (11)

-0.05

p=0.1;g=0.2 has an important influence in safety. Actually istat
o x stability criteria are based on dynamic roll bebavi It
005 . was observed that a considerable reduction of the
——— L transverse stability and very large roll angles oesult
0.5 when we compare a ship’s stabilty in still watedan
01 following waves.[10]

This can happen for fast ship in following waves
with waves length egual to ship length. It is a big
challenge for sea-fastenig of containers at deak fu
. . large accelerations because of combined sway ahd ro

The Ince-Strutt dllagr_am (Flgure_ _3) show the motions. In the past, dynamic efects caused by ship
relation between combinations of coefficients p apd | io\s were accounted for in a very simple waygrev
and the solutions bounded or unbounded. The shad ediere ignored in a lot of cases. The increased siip
areas correspond to unbounded solution and blagk a and its speed have lead to an extension of thaseatd
t% boun_ded As ﬁara:jneter q reﬂel;:ts the _(Ijevzlﬂ(_)f tGM calculations, consideration of the hydrodynamiadian
change in waves, the diagram can be consideranms the hull, vertical accelerations. Large local loazmn
of am_phtudg of parametric excitation vs the §q1_1afe appear when the vertical relative acceleration hef t
non-dimensional frequency. The first zone of insitgh forefoot of the ship exceeds a threshold value, nwhe

Figure 2 Unbounded Solution of the Mathieu Equation
p=0.15;9=0.2
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hitting the wave surface at re-entrance after bow
emergence (slamming). Very high peak pressuran@si

atmospheric pressure or more) have been measuded an
can cause damage to the bottom. Slamming also car
cause an increase of bending moment due a vertical Solver
vibration of the ship’s hull. In the last decade=search
on ship’s maneuverability was stimulated strongly b e
increasing the ship size problems, example forainat Hydrodynamic Loading Sea
vessel and enormous developments in the computer database condition || states
industry related new possibilities for computer
simulations and the performance of dedicated motion
analyses is not only required but also beneficial. Calculation of RAO's

Sometimes, the vessel and cargo have their owrifispec e
limitations and restrictions on maximum allowable

Ship's particulars

accelerations and motions. Traditionally, maritime . Encountered Sea
transports are engineered to satisfy design auitéri RAO's state(s)
terms of allowable wave heights. The allowable wave
height depend on the wave parameters like period,
spectrum shape and spreading but also operational Calculation of spectral moments
parameters like vessel heading and speed which &ave —_—
major effect on the response level in certain $etesA
general procedure for the calculation of the desajnes Spectral Rules
for motions, accelerations or leg bending moments moments limits
includes:
» Vessel stability analysis to derive the proper Calculation of statistics
mass and stability parameters and probabilistics
+ Assessment of environmental conditions which -_—
may be encounterd
A motion response analysis resulting in design Design values
motions, accelerations or other responses in
critical locations on the vessel and cargo. Figure 4 Analysis sequence for calculating des@ne
Our research for this kind of analysis was dond wit with Octopus software
the sofware OCTOPUS Office 6 (AMARCON).[11] ) _
The analysis sequence applied by this programdwsti Motion transfer functions (called RAO or Response
in Figure 4. Amplitude Operators) in six degrees of freedom thee

basis for the calculation of transport design valu@a
order to observe the ship behaviour simulationchese

a Panamax vessel with the main features as follow:
Length 285 m,

Beam 32.2 m,

Draft 15m

Mass 41050 T

GM 3m

We chose also a voyage through Nord Atlantic
(Hamburg — New York) and bellow are presented the
systematized results.

The Response Amplitude Operator (RAO) of the
wave loads shown in Figure 5. The critical zonerfut
(Amplitude) is between 70°and 85° (heading meams th
direction of the waves counted from aft, anticlocdey.
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Roll (Amplitude)

Ditaft=15.00 [r]; S peed=12.80 [kn] 1 o<Moment) (Amplitude)

1l i Panamax]; Speed=12.80 [kn]
360 211E+04
9.34E+04 — I
= e P i . 1.90E +04
150 : L ‘*.__-_:""‘:
i - a31E404 (S— | |—{1.65E+04
4 | ] 4 270 Fall ; h
\ ; £ ; | e
™ —7.27E+04 ' - E
= - o ld |—{1.27E+04 é
Bl {5 23404 3, | . =
= = 140 S106Es04 5
§ o L — - = 5 ] E
o @ me i e o . S
g ; | = i z £ . ik 8 .45E +03 3
T ] L4_‘I5E+U4 . .l,- . el [—{E.34E+03
-~ | R : | [= 4. 2E
/ | e . . =
/ e | B2 ez
. 219 +04 0 0.00E+00
30 = : 020 030 040 050 060 070 080 090 .00
. S Wave frequency [rad/s]
' Figure 7 RAO for XMoment Amplitud: (kNm/m)
1] 0.00E+00
020 030 040 050 060 070 08B0 030 1.00 Roll Acceleration (Amplitude)
Wanve frequency [rad/s] e Panamnaxl; Speed= 12,80 [kn]; Heading= 134 [deg]
Figure 5 RAO -Roll (Amplitude’ 1.40
1.20
. . E 1.00 !
The moment is showed depending on w S om0 |
frequency as in Figure 6 were maximum amplit &' 080
g y g . P = 040 f TN
(1.03E+05 kNm/m) coresponding to a frequency o0l 020 / N— Y
: L~ p— NP
rad/s. 000
. 0.00 0.20 0.40 0.60 0.80 1.00 1.20
In the same way we can check all the six mot Wave frequency [radfs]
(surge, sway,heave, ropitch and yaw) for the variot . .
drafts and speeds of the vessel. Figure 8 RAO for XRoll acceleratio (m/s2/m)
Roll (Amplitude) For example in Figure 9 the maximum roll an
- Draft=15.00 [m}; Speed=12.80 [kn]; Headling= 81 [deg] could be 37 degree for a wave heading ¢ but we can
“cut” the curve to the maxim value of 25 degreavéd
e P ""\ can keep the waves leadings between 1° and 216,
_ B00E+04 / N means that we have to alter the course only ta thi
T i # above condition.
= / Of course if we increase the speed we slig
400504 // improve the response resulted, only right decisi
2002 +04 = should betaken into account. We can chose ae other
S - five response (pitch, yaw, surge, sway, hgave)plnm
it Gl Ll LBl oo L 12 to the six degree of freedom for ship motions alst
Wnve frequency [racs]

different speeds for others navigational areas
Figure 6 RAO -Roll (Amplitude’

Envelope of Roll Motion (headings)
[Speeds=12.81 [kn])

We can see also the variation of the transv
moment for one point at amidship on the main déc " ~~—
point as in Figure 7 or the accelerations in sgoint
due to roll motion like in Figure 8. Is well to kwnc
values because we can cross check the fastenitens
allowance for the containers for example. We casy
observe the critical heading (135°) for specificvey
frecquency (0.37 rad/s) but we leathe whole spectrul
of wave direction meaning that we alter the shqwarse S
to resonable value of parameters. Figure 9 Envelope of Roll Motion (heading

The maximum value of acceleration’s amplitude
X point is as RAO figure, 1.65 de’m. When the ) ) ) )
vessel keep an approximate same coursespeed for a Very useful information about ship behaviour
long period, we can generate an envelope of the dangerous phgnqmena are revealed, accessing the
States responses, where the values are calcutat¢de ~ t€rm sea statistic of the program (Figure 10).
selected speed and heading and let us at leasike ar diagram is for different sea state and of coursest
idea about the most possible extreme (MPE) parar

MPE [deg]
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possible extremes (MPE) are in beams seas (waveroposed by

direction from around Jtand 276).

Roll Motion
180 Speed= 20.7 [kn]: He= 7.03 [m]. Tz= 9.58 [z]. Tp=12.08[5]
160
14.0 // N e
™ 120 ’
2 100 N
woanl L/ N
T . 7 K
Y AN
20
oo
0 30 B0 80 120 180 180 210 240 270 300 33 30
Heading [deg]

Figure 10 Roll Motion MPE [deg]

IMO and the latest physical and
mathematical interpretation of the dynamic stapitf
the ship. It is also proposed a way to help alls¢ého
interested in using a computer program — OCTOPUS fo
a better assessment of the ship stability in dffersea

conditions.
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CONSIDERATIONS REGARDING SHIPSSTABILIY LOSSIN SEVERE SEA
CONDITIONSAND THE IMPACT ON SAFETY OF NAVIGATION

'ANDREI CRISTIAN, ’LAMBA MARINEL-DANUT, *ANCUTA CRISTIAN

123Constanta Maritime University, Romania
ABSTRACT

The paper presents the importance of ship’s irstadtility. It is evidenced the factors that conitébto correlation
between ship’s stability with safety of ship andeta of navigation. Ship stability failure is preded as a threat to
safety of navigation and this aspect is presemnteal form of casualties involved in loss of shipogity in severe sea
conditions in order to emphasis the causes thdslaaship stability loss. A study of various shktpbility casualties in
heavy weather conditions is presented and the saarseanalysed. The actual intact ship stabilitgica are analysed
and the importance of a new generation of stabilitteria for preventing ship stability loss in se® sea conditions is
highlighted.

Keywords: safety, stability, casualty, navigation, criteria.

Another frequent scenario is when the wave
1 INTRODUCTION produce important damage to ship structure, formste
to hatch covers and/or coamings, deck equipmetteor
The paper presents important considerationshyl| jtself and the result is flooding of cargold® or
regarding the ship stability loss problem with spec  other compartments, loss of freeboard and eventual
emphasis on stability loss in severe sea conditan  sinking. Failure of structural integrity is commda
the correlation with Safety of naVigation. The ceation many loss scenarios so it is of paramount impoﬂanc

between the factors that affect intact ship stgpbiiin find out the order of magnitude of stresses impdsgd
severe sea conditions and the modes of stabilityréa  |arge waves.
in such situations are illustrated. Moreover, thal%ls More dangerous can bhe a group of steep and

of intact Shlp Stablllty regulations in force relexhthe re|ative|y |Ong waves approaching a Sh|p from tloevb
fact such modes of Stablllty failures are not cedeand (“head Seas”) or from the stern (“fo”owing Seasah
thereafter can not be prevented by the ship’sefion  \aves of this kind are known to incur significant
board vessel. reductions in roll restoring capability for manypgs of

vessels and they instigate dangerous coupled notion
2. SHIP STABILITY CASUALTIES A SERIOUS [11].

THREAT TO SAFETY OF NAVIGATION As part of the ship stability assessment, a stfdy

casualties investigated by different  maritime

Ship survivability against capsize in severe seaadministrations related to ships stability failuhes been
conditions has become one of the reasons of tsarfe  yndertaken and relevant accident scenarios arersss

primary concern among ship stability researcherd an in this chapter.

designers in recent years [11]. When a ship isestiégl The casualties presented here are the only reel ca
to the effect of large waves it may capsize aceqydd @  incidents happened in the last decade and for which
number of different scenarios, depending on thejnvestigations were carried and reports issued by
magnitude and direction of the wave excitation &mel  gifferent maritime administrations. However, in sthi
ship’s own capability to resist such excitationsl][1  period the number of casualties involved was greaie

Resonant or breaking waves approaching a shipfrem as not reported, nor investigated by maritime
side (“beam seas”) have a potential to excite |laotjang administrations.

which could result in capsize, especially if theeirsive

oscillation of the ship causes shift of cargo drai 3. ANALYSISOF SHIP STABILITY
considerably quantity of water is shipped on thekde CASUALTIESIN SEVERE SEA CONDITIONS
[11].

In practice, the ships could loose intact stapilit A thorough study of research has been undertook on
under the impact of waves and wind in several ways.a number of 37 ships involved in real casualtidatee
Typically, it is a chain of events rather than agi  to intact ship stability failure in severe sea dtinds in
event. For example, due to high or abnormal wases, the last 10 years..
ship could sustain rudder failure or even more aoul The results of the undertaken research of the

loose power, which might then cause it to heawling  casualties revealed the following relationshipsween
in beam seas, thus in turn leading to shift of caagd different factors involved:

dangerous list of the vessel. Moreover, huge amotint
water is shipped on deck and the worst result is
capsizing.
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3.1 Relationship between casualties and type @f shi
DISTRIBUTION OF CASUALTIES BY TYPE OF CARGOES

In all 37 casualties analyzed the ships concerned

were container ships, general cargo ships, Ro-Rus sh Y &z
and passenger ships. The distribution is showrgimré 25—
1. =l

Although there were not many major casualties in
terms of loss of lives, resulting from casualtiegalving

containerships, this particular ship type has nafrés =10

fair share of losses due to incidents involvinggoar =50 3 2 2 3

damage, stability and structural failure. S N I s N s I
Major accidents in the last decade include ths los Containers ~ Timber&logson ~ Passengers  Generalcaigo Trallers

of the container vessels “MSC Carla” in 1998, and deck

“MOL Comfort” in 2012, which broke into two and the
extensive damages suffered by the container vessel Figure 2 Distribution of casualties by type ofgzes
“APL China” in 1999 due to severe sea conditions.
Statistics indicate that incidents involving cont&iships Although was not a great variety of cargoes, iyma
account up to about 7% of the total [10]. be noted, however, that in all cases of generajacar
In terms of incident categories, containershiftedi ships, included here the timber and logs carriedexk,
from most other ship types in that share error ast0  the secondary effect of intact stability failure swva
for a high percentage of all major incidents. shifting of cargo, both on deck as well as insidego
holds. Moreover, in one case, the shifting of cdegbto
capsize and sinking of vessel.

DISTRIBUTION BY TYPES OF SHIP
3.3 Relationship between casualties and lengtthipiss

%
51 According to casualties analyzed it can be noted
Sl that more than half number of casualties, i.e. 25
casualties, occurred in ships over 200 m in length.
5 Moreover, 17 casualties occurred in ships betwegh 2

20— 5 m and 340 m and all of these ships were container
= 3 ) carriers. Distribution of casualties by ship’s lénds
) | | ] — shown in Figure 3.
Container ships ~ General cargo ships Ro-Ro ships Passenger ships DISTRIBUTION OF CASUALTIES BY SHIP'S LENGTH
Figure 1 Distribution oflcasgalties by types afpsh :Ig?{:::gg:m
analyze 8 7 0121 to 140m
The result is an equally high percentage of cargo| _ | 6 0 Llmto 160m
damage. Although containerships follow the same §6 5 B 161mto 18m
pattern as the majority of cargo vessels, as fathas “25, ] 4 4 4 0186m to 200m
types of damage are concerned, they do differentiat 3 B.201m to 230m
various aspects. The statistics available show tinat =3 Z 1 |m23imto 260m
percentage of incidents is higher in newer | 2] 1 1 261 o 280m
containerships, decreasing as they age, while herot . 0 || 1@ 281mto 300m
cargo ship types, higher incidents rates occurhair t 0 0301 to 340

middle age [10].
ge [10] Figure 3 Distribution of casualties by ship’s léng

3.2 Relationship between casualties and type afccar )
It can be concluded that as the length of the ship

The types of cargo, carried on board vessel at thelncrease, this is more vulnerable to dangerousitsitos
time of casualty occurrence, are shown in figure 2. in severe sea conditions.

3.4 Relationship between casualties and geographica
distribution

The result of the analysis, for the area where the
casualty occurred, are illustrated in Figure 4.
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DISTRIBUTION OF CASUALTIES BY GEOGRAPHICAL AREA
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Figure 4 Distribution of casualties by geographaraa

Figure 5 implies that the majority of marine
accidents occurred in open seas, up to 70%, while i
coastal waters was of 30%. This is understandable
because the adverse weather conditions, like wirl a
waves, are more intensive and at a high grade @&t op
seas.

DISTRIBUTION OF CASUALTIES BY LOCATION
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0 Open Seas
@ Coastline

70%

Figure 5 Distribution of casualties by location

3.5 Relationship between casualties and periodhef t
year

The distribution by geographical area can be
correlated with the period of the year when theialies
occurred, as illustrated in figure 6.

DISTRIBUTION OF CASUALTIES FOR PERIOD OF THE YEAR
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Figure 6 Distribution of casualties for the permfdhe
year

From the analysis of the period of the year witen t
casualty occurred, it can be seen that most dangero
period is winter, although some casualties occuired
months attributed to summer period, but in south
hemisphere.

3.6 Relationship between casualties and wind

21

For weather condition the wind is an important
factor affecting navigational safety of ships. FrBigure
7 it could be seen that all casualties occurread sea
state equal to or higher than very rough sea, where
according to Beaufort scale, wind speed is betwEen
and 19 m/s (30 to 37 knots).

SEA AND WIND CONDITION DURING CASUALTY
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3.7 Relationship between casualties and wave height

The wave height is another important factor
affecting navigational safety of ships and has irtgrd
influence on occurrence of marine casualties. From
figure 8, it could be seen the probable wave height
during casualty (according to Beaufort scale).

WAVE HEIGHT DURING CASUALTY
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Figure 8 Wave heights during casualty

3.8 Relationship between casualties and encountered
wave direction

In Figure 9 is represented the encountered wave
direction of ship during casualties.

ENCOUNTERED WAVE DIRECTION DURING CASUALTY
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Analyzed ships were sailing most often in head sea
(including here also the head quartering seas)lassl
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often in following and following quartering seas. and righting levers. Although it considers the dyies
However, regardless the encountered wave direction of ship roll motions, at least in a simplified wathis
ships had difficulties in severe seas and develdaes: prescriptive scenario is not suitable to assesaghena
rolling angles and heavily pitching motions. endangering ships in head, following and quartering
Based on the analysis presented, it can be corttlude waves and it also never was intended to be useddh a
that the casualties involved listing or capsizirnguwred way [4].
in severe sea conditions are generated by the pier® The safety level guaranteed to the ships by the
which are fully influenced by the design (hull formf compliance with stability criteria, however, isdgeneral
the ship and environmental characteristics, esihgecia unknown and it is still a big open problem. It igléed
direction, height and speed of the waves. Thus,typical to open the way to alternatives by statimat“a

phenomena like parametric rolling, pure loss obiits level of safety has to be guaranteed, as a mininym,

or broaching can be the causes that lead to loskipf  any alternative assessmeri8]. Statements like this are

stability in severe sea conditions. often used to try to avoid excessive relaxatiorsafety
What is important to be mentioned is the fact that standards, but in fact are less meaningful than ¢toeld

all these possibilities for loss of ship intacthslity in appear [9]. Of course, ship safety at sea was lgreat

waves are not governed by any mandatory regulations improved by the development and implementation of
Codes and they are only vaguely presented in fokm o present stability criteria, as contained in IS CQ0€8,
guidance which in our opinion is very little in and other measures (for example the assignment of
comparison with the importance of the problem.thiis freeboard), although being  these measures
respect we are of the opinion that a rethinkingthedf recommendatory in nature or not so widely adopted.
intact ship stability problem from the dynamic poof In addition, it is clear that the safety level is
view is of major importance. The impact of shipiaict unequally distributed among different ship typo&mi
stability assessment on seaworthiness and safety o&nd, even inside a given ship typology, it app¢arke
navigation is revealing the importance of the peabl  strongly dependent on ship size. This is partitylaue
that can lead to precious information for underdttre for the General Criterion, which is the result oflabal
stability failure causes. re-active approach. It mixes indeed in the sameguoea
and bad designs in a set of standards most of wioth
4. ANALYSIS OF ACTUAL INTACT SHIP having a clear physical relation with the phenomites
STABILITY CRITERIA AND REGULATIONS are trying to avoid [9]. In addition, the presertsion of
Weather Criterion, due to its relatively poor, alilgh
The General Stability Criteria of IS Code 2008 physical, modelling spreads unevenly the safetyellev
reveals that the regulations are still based onstiree among ship types [2].
assumptions, according to which the ship indicatbr From the point of view of ship’s safety this is
stability safety is the righting arm curve on calmter. however, not the final solution. The evidence iggiby
The assumed Weather Criterion of the same Codethe stability casualties that continue to occurpitesthe
is simply to use, it is based on physical phenomena fact that those ships meets the existing IMO stabil
modelling but was adjusted with capsizing casusline criteria [1].
the form of the wind velocity. In other words, thénd The existing stability criteria may also be not
velocity in the weather criteria does not represiet applicable to some type of modern ships incorpogati
actual sea state and has rather empirical mearigse novel design features especially because origiritria
the weather criteria involve such an empirical dacit is as resolution A.167 developed more than forty yeais
not easy to improve the criteria [1]. However, the were based on casualty statistics that includechlgnai
simplified modelling takes into account only beam vessels under 100 m in length [6]. With many modern

waves and wind, why no internal degree of freedddm, ships there is no previous experience in relatiogatfety
shifting of cargo or water on deck, was introdufddIn and stability and satisfying existing criteria magt
fact, it concerns only one mode of ships loss drel t assure required level of safety [6].

level of safety is largely unknown. In order to achieve sufficient level of safety hwit

Adoption of the described prescriptive requirement respect to stability, all elements creating stgb#iystem
and structural model was possible only becauseag w have to be taken into account [5]. Taking into actto
based on statistical evaluation of data for shagssized the fact, that only part of the casualties are edusy
and operated safely during the long time of thestfir faulty or bad design of the ship, the safety rezpints
formulation of criteria in 1948 in Register of Spipg of that refer mainly to design features of the shipnoa
USSR [8]. The crucial element of the criterion, tadue ensure sufficient level of safety, in particulatiwiegard
of wind pressure, was adopted in such a way, tmat t to ships having design features [7].
resulting critical KG value would correspond to mage What is much more important to be mentioned is
KG values of the population of vessels existingheg the fact that current intact stability criteria dot cover
time of development of the criterion, that were all the dynamic instabilities of ships in waves.
considered safe in operation (trial calculationsvetd Phenomena like pure loss of stability, parameitng,
that the majority of existing ships at that timeisfaed broaching and surfriding, which are presently

adopted weather criterion) [8]. encountered by ships, especially in severe sea
The Weather Criterion is the only amongst allleft  conditions, are not treated.
IMO criteria taking into account the influence oaves Part of those phenomena are presently addressed by

and only one being based on a balance betweemgeeli the MSC.1/Circ.1228 [3] but does not provide anipsh
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dependent information concerning the considerddrtai
mode. IMO has given in this guidelines [3], a dagr
(fig. 10) highlighting the potential occurrence ligh

confined to the fulfilment of empirical criteriala¢ed to
the static lever arm curve for still water conditionly.
The IMO stability criteria are prescriptive ruleased on

wave group encounters; however, the information is practical experiences quite many years ago. In this

given in a dimensionless format only by a raticsbips
speed V, and wave periofl,,, whilst a is the
encounter angle.

Wave direction

Figure 10 Diagram Indicating Dangerous Zone due to
High wave group encounters [3]

5. A NEW GENERATION OF STABILITY
CRITRERIA AS A POSSIBLE SOLLUTION FOR
ASSESSMENT OF SHIP STABILITY IN SEVERE
SEA CONDITIONS

respect, it is obvious that new approaches must be
implemented in order to issue valid, simple and
trustworthy methodology to provide the shipmastéhw

a decision support tool to prevent ship’s stabilitys in
different conditions encountered in severe seaitiond
during the voyage.

The lack of an existing intact dynamic stability
criteria (into present stability criteria) for tiphenomena
covering the stability variation in waves createsne
doubts and could entail that all ships may be qigde
to stability loss in this conditions [2], i.e. paratric
rolling, pure loss of stability, broaching, surlng.
Therefore, the development of dynamic stabilityesia
for such particular situations can become a topripyi
for the maritime community

6. CONCLUSIONS

In order to be assessed correctly the casualfies o
intact stability, regularities noticed in the coaref
statistics analysis, regarding for example theugtfice of
some hydrodynamic phenomena as well as types of
cargoes carried on board ships, must allow forrmgat
the causes of failures.

Like in any accident type, for the purpose to adop
the relevant safety measures and regulations teepte

Methods that can be used for the assessment thg,ch an accident in the future or to minimize theses,

vulnerability of ships in front of the new modes of
stability failures in severe sea conditions, frohe t
beginning of the voyage, as a measure of safetytda
be developed in a form of stability criteria and ke
integrated in the actual intact ship stability rfegjons.

Within the recent years, IMO through his Sub-
Committee on Stability and Load Lines and on Fighin
Vessels Safety, start working on a framework for
development of New Generation Intact Stability €hid,
with the scope of issuing an assessment methoddatogy
identify the ships vulnerable to dynamic instalgBtin
severe seas. However, the methodology is very campl
and is still under development being far away from
application in practice.

in ship stability casualties it is essentially teep a
strictly statistic of those casualties. Hence, ahtship
stability failure casualties have to be taken
consideration like separate events in the stagistic

An important lesson can be learned from the
presented casualties, that the intact ship stalfditure
is in many cases a chain of events, especiallyhoset
related to design, operational and environmentbfa.
The events must be analyzed separately and ideally
would be that the solutions to be integrated ingingle
framework.

The above study indicates that the occurrence of
ship stability casualties in the last 10 years ftas
statistical laws and has different relationship hwit

into

The reality proved that these few steps are notcgngitions of ships and some influent factors, \Whie

enough to ensure safety of ships and therefore viery

valuable for the officers of maritime safety

important that extensive researches and studies forygministrations and seafarers to consider, becthate

assessment the dynamic instabilities of ships hawme
carried out.

accident data from above study is reliable datanfro
official resources. But it is also suggested thiae t

Due to new designs of the ship’s hull, the dynamic fingings of above study should be properly refeeshc

characteristics of new ships can differ considgrditdm

and used by consideration of local environments,

conventional ships. This aspect provides also newpactical conditions and individual experiences.

necessities in respect of ship safety and put Hipss

The findings of above study can be beneficiaht® t

owners in front of new challenges regarding the mgaritime safety administrations to adopt decision-

guidance for operation.

making on maritime safety management, but is also

Hence, today the assessment of ship stability injmportant to carry out statistics and analysis @frime

waves, based on dynamic crite.ria,.became an imﬂiorta_casualties to help to adopt proper safety managemen
task among researchers. This is because the ship,easyres.

response to large waves is associated with sigmific
nonlinearities.

Moreover, the study can be a useful guidance for
masters and officers on board vessel in order to

Based on the analysis presented it can be contlude yngerstand the factors that contribute to shipilitab

that presently, the assessment of intact ship l#jaks
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ANALYSIS OF THE MIDSHIP SECTION’S FATIGUE USING
FINITE ELEMENT METHOD FROM A CARGO SHIP

'AXINTE TIBERIU, HRENIUC VICTOR,*NUTU CATALIN, “CARP NICOLAE-ADRIAN
1234Constanta Maritime University, Romania
ABSTRACT
The midship section is subject to a long-term claaused by an increased number of containers amiharea.
The fatigue is playing a determinant role in thigrky but in order to assess the fatigue, the nqrstedar and Von

Mises stresses on the midship section should eerdited using the finite element method.

Keywords: fatigue, CAD, finite element method, stress, midship section.

1. INTRODUCTION 2. DESCRIPTION OF DRAWINGS

The cargo ships are the most employed ships in the The NX Software from Siemens is well known for
naval transport. With those help, containerizeddgoo its rapid and complex Computer Aided Design [3].
are carried over the seas. [1]. A great deal of execution drawings have been used

The present paper is treating a cargo ship with for this computer aided design of the ship.
heliport, designed with the help of the CAD softevar
and the NX Software from Siemens.

Figure 1 Cargo ship with heliport

This type of cargo ship is used mostly for
transportation of dangerous goods and that is \aky t
red area signalling as it is shown in the Fig.uos.

In the next figure the top view is presenting the

heliport area, the surface on deck of the ship,revitiee i ap— - -
helicopters are landing. Figure 4 Side-view of the original drawing

The main equipment of the ship, such as the
propeller, the rude, the funnel and the wheelhcase
well as the radar and signaling equipment etc, heen
also taken into consideration.

Figure 2 Top view

In order that the ship designed is in accordance |
with the current standards, we have studied various
documentations and we have consulted naval field
experts [2].

Figure 5 Bottom-view. Original drawing
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i users to “enter” the inner of the ship. Though kX
Software from Siemens, is not a dedicated softi@re
the shipbuilding, it can be very helpful to analyke
loading of the ship.

[ —___ i = Let's suppose that the ship is to be unloadedén th
Figure 6 Top view. Original drawing harbour and in the storage area of the main wasshou
of the ship are existing 4 containers (Figure 11).

As it can be observed, it is rather hard to sethén
original drawing, that is why we have used the Ididd
Command in order to hide the execution layers,
execution dots and execution lines.

Figure 11 Ship loaded with containers

In the Figure 12 the thickness of the hull can be
also read. In order to observe the containers wasdy,
the thickness of the hull and the double bottomhaee
carried out a cross section of the ship.

L

Figure 7 Side view using the Command: Hidden

Figure 8 Front view using Hiden command

. . ) Figure 12 Cross section of the loaded ship
Using the command Hide, the ship can be now

easily seen. In all presented views (lateral, front Later, we will show the ship after the unloading of
bottom), details can be now easily observed (ex. ihe four containers, has been made.
SAFETY FIRST).

=

o ﬁTL_l"J ‘l, C T
—

Figure 10 Bottom view without layers

3. THE INNER OF THE STORAGE AREA

Although many software programs exist in the field Figure 14 Cross section of the unloaded ship
of the naval building, very few of them are helpthgir
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formability is the ability of a given metal workpie to
undergo plastic deformation without being damaged.
The plastic deformation capacity of metallic magks;i
however, is limited to a certain extent, at whiakinp,

the material could experience tearing or fracture
(breakage) [4].

ship

Figure 19 Analize formability — one step

Figure 16 Midship and double bottom section

3. THE ANAUSIS OF A SMALL UNIT
AREA FROM THE MIDSHIP SECTION

Due to the fact that the midship section is subject
to high pressures because of the containers, we hav
chosen to analyze the stresses occurred usingnite f
element method.

Because of the high dimensions of the midship Figure 20 Area loaded with a pressure
sections, sections that are carried out by weldéts,
we have decided to analyze only a small area of the Consequently to the pressure applied on the area
midship section. dA, using the finite element method, we have olet@din

following results:

Von Mises stresso.y OF o,) according to the
Strength of Materials Vth Theory, from failure thies,
the maximal shear stress,{) and the maximal normal
stress §may [5]-

‘Sooes B oo §, ez Der
P Cwens. o e

Sy B A T 1 TR
e Dt e Wagtate

Figure 17 Midship section (A) with its unit areA) W
’!I‘

nn

..
Figure 18 Unit area (dA) Figure 21 Von Mises stress

We are starting by meshing the unit area dA BT e

(length 6000 mm, breadth 2000 mm and thickness 400 R
mm) with elements of CETRA Type (10), and then we !“
are loading it with a pressure of 100 Mpa. an
The unit area dA is made out of AISI Steel 1005,
having the Suprafata dA este realizata din ote/Aigl
Steel 1005, having the Young’s Modulus of 2.1° 10 =
MPa, Poisson’s Ratio of 0,25 and density of 7.80Q6é- n
kg/mm~3.
But before loading with the pressure of 1000 MPa

(figure 19) , it is recommended to check the forititgb

2 ) Figure 22 Maximal shear stress
(mouldability) of the material. As already knowet
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As it can be seen in the Figures 21, 22 si 23 low
values of the stresses are recorded in the middie a In the Figure 25, the values of the strength safety
increased values are recorded at the edges ofldt® p  factor are very small inside the plate of steeteging
meaning that the sheet is considerably more stiemse  the minimal value and some higher values at the
their margins. margins of the unit area dA, the maximal valuesipei
recorded at the corners. Thus it can be conclubet t
the strength safety factor has high values onlyhm
corners.

Figure 23 Maximal normal stress

5. CONCLUSIONS

The determination of the stresses have been carried
out using finite element method in order to obtam
advanced durability. In the frame of the advanced
durability take part: fatigue life, strength safdactor
and fatigue safety factor [6].

The fatigue of the materials is a phenomenon
regarding the materials’ modifications of the pndjgs
due to the variable amplitude loadings, thus mbshe
materials failing under the cyclic loading. An effeof
the fatigue is the occurrence of micro cracks amal t
progressive fracturing of the material while in\see.
Materials’ fatigue is also important in transpontdahe
marine industry [5].

Figure 26 Fatigue Safety factor

It can be remarked that in the Figure 26 the values
of the fatigue safety factor are very small in theide,
excepting the minimal value and some higher values
together with the maximal values in the cornerg th
conclusion being that the safety factor is highyoinl
the corners.

Consequently, the midship sections should have a
higher strength in time, at different variable stsa
their fatigue is to be checked by means of thetdini
element method analysis.

The midship section is extremely important for the
safety of the naval transports, because when brdken
to heavy weights, the deep floor and the keel cdgld
also broken, thus eventually causing the floodihthe
ship. The conclusion of our work is that the migshi
section, thus calculated could withstand high pness
even in bad wheather conditions causing high pitoth
high rolling.
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Figure 25 Strength safety factor
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COMPARATIVE ANALISYS OF ENERGY EFFICIENCY INDICATORSFOR A CRUDE
OIL SUPER-TANKER SHIP

EAITAR CATALIN, 2IORDAN NOVAC
L2Constanta Maritime University, Romania
ABSTRACT

Main ideea of this paper is not only the studyhef Energy Efficiency Design Index for a crudesuiper tanker
ship, witch is a mandatory technical measure fernbw ships, but also the study of Energy Efficje@perational
Indicator whitch is a voluntary mesurement for shipservice.

Keywords:. energy efficiency design index, energy efficiency operational indicator, technologies.

1. INTRODUCTION Pengy - is 75 per cent of the rated power
consumption of each shaft motor divided by the

This paper aims is to improve the energy weighted average efficiency of the generators,

performance of a crude oil super tanker ship of0B05 Pe«igy - is the output of the innovative mechanical

dwt, by studying the possibility of introducing energy efficient technology for propulsion at 75 pent

alternative energy sources and improving existing main engine power,

equipment onboard. Paeeiiy - i the auxiliary power reduction due to
Initialy, the ship has no energy efficiency innovative electrical energy efficient technology

technologies but, for this paper, our purpose is tomeasured &ygg),

introduce alternative technologies on board likefish P.e - is the required auxiliary engine power to

generators and motors, wind turbines and photaeolta supply normal maximum sea load including necessary

pannels. After that we calculate efficiency openadi power for propulsion machinery / systems and

index and indicator for both states of ship andcoate accommodation [4],

the results. For the reference crude oil super tanker, main
engine has a power up to 10000 kW, &aglis written:

2. CONSIDERATIONS ON ENERGY

EFFICIENCY OPERATIONAL INDEX - EEOI PygmcrmE>10000 kw)y = (0.025 X XPMF MCRy ) + 250

AND ENERGY EFFICIENCY DESIGN INDEX - (3)

EEDI SFC - is the certified specific fuel consumption,
measured in g/kwWh, of the engines,

2.1.Energy Efficiency Design Index - EEDI f, - is a correction factor which for the crude oil

super tank is written;
Energy Efficiency Design Index (EEDI) is a

measure of ships energy efficiency {gi) and is _o0516LEY 3
calculated by the following formula [1]: fi= 3, nmEp (3)
=hiME

(H}l=1 fz)(Z?Z’f Pue@ * Cemeq * SFCME(i)) + (Pap * Crag * SFCyg) +
+ ((H?:]‘fj * D Py — Z:f{f ferr) * Pagerr)Crag * SFCAE)) -
L (ZE forp@) * Perre * Crus * SFCu) |
f; * Capacity * fiy * Vyes ’

fw - Is @ non-dimensional coefficient indicating the
decrease of speed in representative sea conditbns
wave height,
1) faii) - is the availability factor of each innovative

energy efficient technology,

fi - is the capacity factor for any technical /
regulatory limitation on capacity, and should bsumsed
to be one (1.0) if no necessity of the factor snged:

C: - is a non dimensional conversion factor for fuel
consumption, measured gnandCO, emission,

Vi« - Iis the ship speed, measured in nautical miles
per hour (knot),

Capacity — is deadweight of the ship, fi

P - is the power of the main and auxiliary engines,
measured in KW,

Pwmeq) - is 75 per cent of MCR for each main engine,

_0.00115L33°

capacity (4)
2.2. Energy Efficiency Operational Indicator - EEQI

The Energy Efficiency Operational Indicator is

Pug@ = 0.75 X (MCRyg: — Prrod); (2) defined as the ratio of mass of €M) emitted per unit
) ) of transport work.
Perog) - is 75 per cent of nominal power of each The Energy Efficiency Operational Indicator is
shaft generator, calculated with this formula:
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FuelconsuptionCcarbon

EEOI =

4)

CargotransporteaDistance’

The unit of EEOI depends on the measurement of

cargo carried or work done, e.g., tonnes CO2/(tenne
nautical miles), tonnes CO2 / (TEU nautical miles)
tonnes CO2/(persomautical miles), etc

3. CALCULATION OF ENERGY
EFFICIENCY INDICATORS FOR TWO KIND OF
POWER SYSTEM CONFIGURATIONS

3.1.Calculation of Energy Efficiency Design Index for
crude oil super tanker in design version

To calculate the EEDI will adopt a number of

parameters for the main engine, auxiliary engines,
parameters

innovative technology and
according to the formulas below.

transport

Parameters for main engine:

1. Conversion factor for heavy fuel oil:

CFME = 3.1144. (5)

2. Main engine power:

Pyg = 0.75 X (MCRyz; — Pproi) = 0.75 X

(27020 — 0) = 20265 kW. (6)
2. Specific fuel consumption:
SFCruyg = 163.6 — 7)

Parameters for auxiliary engines:

1. Necesary power for auxiliary engines;

Ppg(McRME>10000 kw) = (0.025 x Z?=M1E MCRyg;) +

250 = 0.025 x 27020 + 250 = 925.5 kIV. (8)
2. Conversion factor for marine diesel oil:
CFAE = 3.20. (9)
3. Specific fuel consumption:
SFCppp =190 0. (10)
4, Corection factor:
_0516L5%7  0.516x324187
fi= S b = 27020 = 0.945. (11)

30

5. Power for shaft generator (for design ship theneo
shaft generators):

PPTI = 0 kW. (12)
6. Availability factor of each innovative energyieent
technology.
At design ship there is no efficiency technology.
ferr=1. (13)
7. Auxiliary power reduction due to innovative dtézal

energy efficient technology.
At design ship there is no efficiency technology.

Pagerr = 0 kW. (14)
Parameters fanovatie technology

At design ship there is no efficiency technology.
Parameters for ship transport work:

1. Capacity factor:

0.00115L%3°  0.00115%3243-36
= = = 1.025.
305301

fi (15)

capacity

2. Factor for decrease of speed in representathze s
conditions of wave height:

fw=1 (16)
3. Ship speed:
Vyer = 15.38. a7
3. Ship deadweight:
capacity = 305301 tdw. (18)

After these parameters, we can calculate Energy
Efficiency Design Index for crude oil super tankar
design version:

fixPmEXC, xSFC, +PpgxC, xSFC
EED] =L MEXCFME FMETFAEXCFAE FAE; (19)

fixfwxvresxcapacity

0.945x20265x3.1144x163.6+925.5x3.20x190

EEDI = ; (20)
1.025x1x15.38x305301

9757444.88+562704
5225989.86

EEDI = = 2.14% * knots.  (21)
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Energy Efficiency Design Index
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Figure 1 Value and interpretation of EEDI for shijiial design

After calculation is concluded that value of EEDI (26)
are within thetier 1 and tier 2 (figure 1). So, for design

ship we have a good result.

4. Auxiliary power reduction due to innovative dhéal
energy efficient technology.

This time, we have wind turbines ennergy and
photovoltaic pannels ennergy like electrical energy
efficient technology [3]:

3.2. Parameters for calculation of Energy Efficiency
Design Index for crude oil super tanker with energy
efficient technologies.

For crude oil super tanker ship we adopt three type Pagesfrurbine = 250 kW; (27)
of energy efficient technologies onbord [5]:
+ shaft generator; Pageffpannets = 15 kW. (28)

e wind turbines;

*  photovoltaic pannels. 3.3. Calculation of EEDI (option 1, we use shaft motor,
Against 1.1 paragraph we have some parameters fokyind turbines and photovoltaic pannels)
efficient ennergy:

EEDI =
1. Power for Shapt motor: fiXPMEXCFMEXSFCFME+(PAE+fixpPTI_feffXPAEeff)xCFAEXSFCFAE
fixfwxvyrepxcapacity
Prry = 0.75x 2 = 812.5 kW (22) (29)
M
_ 9757444.88+[1693.31-265]x3.2x190
Pgyy =976 kW. (23) EEDI = 5225989.86 : (30)
2. Power for shaft generator: EED] = Z2722488486841% _ 5 032« knots.  (31)
5225989.86 t
Ppro = 0.75xFPsq = 731.25 kW; (24) At point 3.3. we had a value of 2.¢3t * knots
figure 2).

So, like result, was a drop with 0.4t * knots.

3. Availability factor of each innovative energyieient
technology (we have the same factor for wind twbin
and photovoltaic pannels) [2].
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Energy Efficiency Design Index
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Figure 2 Value and interpretation of EEDI for shijh efficient energy and shaft motor

3.4. Calculation of EEDI (option 2, we use shaft
10089645.88

generator, wind turbines and photovoltaic pannels) EEDI = ———— = 1.93 g/t * knots (34)
5225989.86

EEDI = At point 3.4. we had a value of 1.9t knots

fixPMEXCEMEXSFCEME+(PAE—feffXP AEeff)XCFAEXSFCFAE . . ;
X Fwxvrepeapacity (32)  (figure 3), so like result was a drop with Og/t =
knots.
10021513.4+112.06x3.2x190
EEDI = =X (33)
5225989.86

Energy Efficiency Design Index
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Figure 3 Value and interpretation of EEDI for shijh efficient energy and shaft generator

3.4. Calculation of Energy Efficiency Operational 2. Carbon factor for each type of fuel:
Indicator for crude oil super tanker without Coarvon = 3.1144 for HFO; 37)

efficiency energy technologies
Cearbon = 3-20 for MDO. (38)

To calculate EEOI we will adopt a ship voyage of 3 cryde oil transported:
30 days. Sowe have parametelselow.

Cargo = 250000 tones. 39
1. Fuel consumed (tones): §Ouransporcea 39)

4. Distance during ship vayage (miles):
Fuel onsumea = 977.20 + 52.30 = 1029.5 tones HFO,
(35) Distance = 6506 miles; (40)

Fuel onsumea = 143.2 tones MDO. (36)
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EEQ] = 1020-5%3.114+143.2x3.20 _ In conclusion we observe that EEOI value is 2.253
_tcoa . 250000x6506 gCO2/t x mile. In figure no. 4 we had good result.
2,253 10 X miles. (42)
= EEDI Mandated 2013 ——EEDI Mandated 2015 = EEDI Mandated 2020
10 =——EEDI Mandated 2025 _" EEDI Attained * _EEOI
e
37
=i
EH
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Figure 4 Interpretation of EEOI for ship withodtiéient technologies

3.5. Calculation of Energy Efficiency Operational Ccarpon = 3.20 for MDO (45)
Indicator for crude oil super tanker with efficient energy
technologies 3. Crude oil cargo:
We calculate EEOI for a voyage of 30 days. To Cargogransportea = 250000 tones (46)
calculate the operational index we adopt the parensie
below. 4. Distance during ship travel (miles):
1. Fuel consumed (tones): Distance = 6506 miles 47
Fuel onsumea = 977.20 + 3.5 = 980.25 tones HFO; EEQ] = 202353114+ 14323320 _ 5 151076 tC02/
(42) 250000x6506_
t x mile (48)
Fuelconsumea = 143.2 tones MDO. (43) In conclusion we observe that EEOI value is 2.15

2. Carbon factor for each type of fuel: gCO2/t x mile. In figure no. 5 we had a very good

results.
Cearpon = 3-1144 for HFO. (44)
=—EEDI Mandated 2013 == EEDI Mandated 2015 = EEDI Mandated 2020
10 = EEDI Mandated 2025 * __EEDI Attained * __EEO]
39
iz
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=38
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Figure 5 Interpretation of EEOI for ship with eféat technologies

4. COMPARATIVE ANALISYS OF ENERGY 1.for option no.1l with shaft motor, wind turbines
EFFICIENT TECHNOLOGIESRESULTS and photovoltaic pannels, we had a value of 2.03
g/t * knots, against 2.14g/t * knots with ship without
4.1. Comparative analisys of Energy Efficiency Design energy afficient technologies. So, was a drop Withl
Index. g/t * knots;
2.for option no.2 with shaft generator, wind tundx
In conclusion, comparative results for the values of and photovoltaic pannels, we had a value of 1.93
EEDI are g/t * knots, against 2.14g/t * knots with ship without
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energy efficient technologies. So, was a drop Wil
g/t * knots.

Energy Efficiency Design Index
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Figure 6 Interpretation of EEDI

4.2. Comparative analisys of Energy Efficiency ennergy technologies with value of 2.253 gCO2/tilem
Operational Indicator So was a drop of 0.10 gCO2/t x mile.

Calculating EEOI, we observe that value is 2.15
gCO2/t x mile against the ship voyage without édfit
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Figure 7 Interpretation of EEOI for ship with efént technologies
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CONSIDERATIONSON THE POWER SYSTEM RECONFIGURATION FOR A VERY
LARGE CRUDE CARRIERSTANKER SHIP

FAITAR CATALIN, 2IORDAN NOVAC
L2Constanta Maritime University, Romania
ABSTRACT

The concept of energy efficiency (or energy optatian) has become, today, one of the main concefns
humanity to the whole world.

In recent decades, the maritime industry, has eddrito optimize the fuel consumption of ships thioube
development of engines and propulsion systems,awgal hull design, or using alternative energieis, Way making a
reduction in the amount of G@eleased to the atmosphere.

Main ideea of this paper is to improve the energsfgrmance of a crude oil super tanker ship of 8058wt, by
studying the possibility of introducing alternatigaergy sources onboard.

Keywords: shaft generator, wind turbines, photovoltaical pannels, efficiency.

1. INTRODUCTION

This paper consist in concepts modernization of a
very large crude carriers of 305000 dwt.

In this work, we have included the reconfiguration
of ship power system, introducing new generation
systems like shaft generators, wind turbines and
photovoltaical pannels.

Initialy, the ship has no energy efficiency
technologies included, but, for this paper, oumppsge is
to introduce alternative reconfigurations technaeg
onboard to make the ship more efficient.

2. CURRENT STATUS OF ALTERNATIVE Fiaure 1 AQUarius MRE .
ENERGY DEVELOPMENT ONBOARD OF SHIPS Igure L Aguanus concep

Another concept is Fery Medaka Solar (solar ferry
Medaka — Figure 2).

Eco Marine Power is leading a project to develop an
eco ship designed to operate as a ferryboat foarurb
areas.

One of the main problems of ship industry is to
reduce C@emission.

Several alternatives are proposed to reduce or
replace fossil fuels onboad ships like: sails, kite

electricity for shore supply, biodiesel, wind turbs, .
Y bRty Medaka is a ferryboat that not only uses solar powe

photovoltaic pannels or hydrogen fuel cells [1]. 4
These sources of energy can be used on its own or j 5 @ renewable energy source, but will also usenger
of other features that will be more softly with

connection with, what are called, hybrid systems fo . " R

power generation onboard a ship. These are sydtEms environment than tradl'FlonaI models of eX|st|ng|m'. '

generating energy that is actually green renewable. Flor examtple, WI"h' l?]e L!ﬁe% a hy?{'d el_ectrltc
Along time is been developing several concepts of propuision system, which wi € much easier to

maintain and have a lower cost than diesel.

eco ships.
One of the projects is Aquarius MRE System which - R .
use a lot of rigid sails and solar panels to forneasel T = i AR

based on a system of renewable energy. On largelges . collectenergy from the sun
can be installed up to 20 rigid sails, while snra#lbips = : e
will require only one or two sails (figure 1).

Aquarius MRE system is not intended to be the
main source of propulsion of ships. Instead, thatesy is
designed to work with other technologies, in ortter
reduce fuel consumption by up to 20% and emissidns
toxic gases.

On this kind of ship, the total installed solar gow
could be 500 kW or more.

Figure 2 Solar Medaka ferryboat
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Finally, a new concept which bri together all
sources of renewable energy,tie ship E / S Oell
(Figure 3) produced by Wallenius Wilhelms:

Orcelle will have an optimal cargo loading capac
of 85000 m, equivalent to 14 football fields. Tk
represents a 50% increase in space able in modern
ships carry cars, being able to carBp8 vehicles

Figure 3 Orcell eco shi

3. ESSENTIAL  CONSIDERATIONS ON
POWER SYSTEM RECONFIGURATION FOR A
VERY LARGE CRUDE CARRIERS OF 305000
DWT.

In first state the ship is neguipped with innovativ
technologies to enhance energy efficiency. Thiwthy
on | will propose some measuresetguif the ship with
innovative technologylike: one shaft generator, fir
wind turbines and photovoltaic pann

3.1. Power system reconfiguration using a shaft
generator

There are two type of pmrating modes fi the
energy system of the ship equiped with shaft geoes

1. Power Take Off Operation

In power takesff (PTO) operation, the she
generator operates as a generatqu(@ 4. The shaft
generator drivecan operate in island mode (sin
generator) or in parallel mode with other auxili
generators.

Shaft generator driveises droop control to adjt
voltage and frequency when operating pal with other
generators. The shaft generator driseseen as one 1
the generators in the system.

In addition to basic features, the shaft genel
drive includes extra functioligy. The shaft generatc
drive can compensate unbalanced loads in the gk
also provides reactive power compensa

Shore-to-ship

—> Py

@, %

Lo a

WHRS

_______ 40—0—&:‘
Main engine

Figure 4 Power Take Off Operatic
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2. Power Take In Operation

In power takein (PTI) operation mode, the sh
generator functios as a motor. The power is taken fr
auxiliary generators and thshaft generator drive
operates the motor (figure 5).

The take-mdiome feature can be used if the
engine has malfunctioned. The main engine car
decoupled from the shaft line so 1 the shaft generator
can operate independently, allowing the main entgr
be repaired.

The motoring power of the shaft generator car
used to boost main engine power. Tshaft generator

drive can drive the shaft generator/motor
synchronization withmain engine
Shore-to-ship

\ DG1

—o G
. - == @f::o'_c DG2
e 20

—o— G

—

WHRS

. — e (a)

\ . _n_(J
? [ ] BOCOCEED
SG/M Main engine

Figure 5 Power Takeln Operation

There are three type of shaft generators if wer|
to frecvency.

To illustrate the variation, the electric pov
diagrams (Figure 6@re shown for the CF (constant
frecvency electrical), RCF (n& contant frecvency) and
GCR (gear constant ratigrinciples. The diagrams a
shownfor basic layouts, but it is iportant to note that
other shaft genetar layout ranges based on a partici
engine load profile could be selected to ensure tthe
electric power from the shaft generator isailable for
most préerred main engine load conditio

Electric power [%]

1004

GCR

CFE

50 4

0 . — =
0 10 20 30 40 50 60 70 80 90 100 110
' ME power

Figure 6 Electric power vs main engine po\

Analyzing above,for the reference st, we will
choose a shaft generat@FE type, because of its
constant frecvencglectrical functionin.
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PTO shaft type generator / CFE (figure 7) is able t Main parameters of HCM6 shaft generator are:
produce constant frequency electricity with changés -power:P = 976 kW,
main engine speed. If this type of generator usgsead -nominal voltagel/y = 440V,
reducer, the alternator may have an embedded @béctr  -speedn = 600 rpm;

converter, which provides correction for variousegp of -frecvency:f = 60 Hz
main engine, and therefore correction the speeth®f  -phase numberm = 3;
alternator. As an alternative solution, and veryal®ne, -power factorcosp = 0.8.

electricity is produced with variable frequency aafier
is converted into electrical energy with constant The shaft generator HCM6 is CFE type (Figure 9)
frequency by thyristors. and reaches rated power when the main engine has a

CFE shaft generators are capable of operating injoad between 40% and 110 %. Because of during the
parallel mode with other generators when the main ship voyage the turbogenerator is operating at riwe
engine power is between 75 % and 100 %. Between 4050 % main engine load, and because we want as much
% and 75 % of main engine power, electric power fuel economy, the shaft generator is a very good
produced by the generator is reduced in propot®mn  solution.
main engine load. Such generators are commonly used

than those directly fitted on the engine becauseetlis Max load 976 KWW
no limitation on the installation onboard [4]. Nominal speed
Overall efficiency of such a system is between 84 % 600 rpm

and 88%.

Static frequency converter system 7 + Mg
r- - """ " — - - - - - - — — — — — — — ml
Distribution cubicle o []: ll !."II
Synchronous switchboard i gl
condenser

Converter cubicle

Excitation cubicle

Control cubicle

Figure 9 CFE type shaft generator

Also, during the ship voyage it can be used in
paralel mode, both, turbogenerator and shaft géarera

From the experience of voyages, ship needs no more
than 900 kW of electrical power, so, a shaft getoera
power of a 976 kW is a good choosen.

Finally, we have the ship electric power system

configuration:
- two diesel generators YANMAR type, of 1700 kW
Oil seal cover J ] 71 Support each,
4 feorba - one turbogenerator of 1100 kW,
- - one emergency generator of 620 kW,

- a shaft generator of 976 kW.

Stator housing

Figure 7 CFE type shaft generator 3.2. Power system reconfiguration using photovoltaic
pannels
For reference ship we choose a Cumins HCM 6 type
shaft generator (figure 8). The new solar cells with spherical shape and narrow

dimensions, could revolutionize the field of phaitigic
solar energy application.

Japan, leader in photovoltaic technology, has
developed new solar cells with tiny spherical shape
between 1 mm and 1.5 mm diameter as opposed to the
traditional 72 mm flat cells.

A negative electrode and a positive one, opposite
each other, are positioned in the center of thiaser'p"
type and " n" type (Figure 10).

This positioning of the electrodes makes the aell t
be non - directed and may occur even distributibthe
generated amperage. Sensitive cell which can igke |
from any direction is called three-dimensional tigh
capture.

Figure 8 Cummins type shaft generator
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Negative electrode

n’ diffused layer
Antireflection
coating

Positive electrode

Figure 10 Spheral cell

We will study the possibility of placing solar
onboard reference ship.

The panels are formed of spherical cells with PV
module witch comprise a number of 12 spheral cells.
Spheral cells can be conected in paralel or séfipses
11, 13, 14) to produce voltage power and high aageer
Lights is concentrated four times more with a hight
efficiency [2].

Depending on available ship space,we calculate the

number of solar modules, the number of photovoltaic
pannels and the hence area to be located.
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Figure 11 Pannels with spheral cell

We put solar panels on port and starboard platforms
uppon bridge. We calculated the areas of locatioth a
got the following results as shown in Figure 12:

- we have two areas, on top, of 52 squere metanis, ea
making a total area of 104 square meters for placém

of solar panels [3],

- we have two areas, on the bow, of 50 square meter
each, making a total area of 100 square meters for
placement of solar panels,

- on the aft area we have two of 50 square metah, e
making a total area of 100 square meters for placém
of solar panels,

Finally, we have a total of 304 square meters for
placement of solar panels.
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Figure 12 Areea for placement of solar panels

A modul area:

S= 24 x 15 mm= 360 mmp = 0.00036 n7’. (1)
Number of modules:
Nm = 304/ 0.00036 = 844444 pieces, 2)

Number of cells:

Nm = 844000 pieces = 844000 x 12 =10128000 cells.(3)
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We put cells on photovoltaic pannels as to supply
batteries of 48 V. So, we will have 126600 cells in
paralel mode and 80 cells in series mode.

Total electric voltage:

U= UcellNcellparalel =0.6«80=48V. 4)
Total electric amperage:
I = IoyN euseries = 0.025 % 126600 = 316.54.  (5)
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Total electric power: For reference ship we choose a Lentz wind turbines
with dimensions below.
P =1U =48+316.5 = 15.192 kW. (6)
Table 1. Wind turbines dimensions
Cell1 Cell 2
Power 50 kw
Rotor diameter 10 m
Number of blades 12
| 1=l Electric voltage 96 V
Total =71 712 Nominal wind speed 12 m/s
Minimum wind speed 2.5m/s
"T’ ‘—Vzb I\H/I'a>;]imum wind speed 2(3)0 m/s
ight m
- Votal =V1 +V2 >
Figure 13 Series mode of cells Lom i

Cell 1

IT=I1+I2

UT = U.‘ = Uz
Figure 14 Paralel mode of cells

3.3. Power system reconfiguration using wind turbines

The wind turbine is device that converts kinetic Figure 15 Lentz wind turbine dimensions
energy from wind in mechanical energy. If the
mechanical energy is used to produce electricitg t The ship will be equipped with five turbines wind
device may be called wind generator. turbines, with a total power of 250 kW (figure 1%).

Advantages of vertical axis wind turbine against
horizontaly one:
-they are easier to maintain because moving equipme
are placed closer to the ground platform,
-propeller blades are vertical, so there is no naed
rudder for the propeller orientation,
- vertical turbines have increased aerodynamicieficy
at high and low pressure,
-for the same diameter of the propeller blades icairt
turbine has a larger diameter than the turbine with
horizontal axis,
-vertical turbines are more efficient in areas withnd
turbulence because the propeller blades are plclosd
to the ground,
- propeller blades have a lower rotational speed;an
resist stronger winds than horizontal-axis turbjnes

Lentz wind turbines have type cup blades which
provides efficiency at low wind speed, safe operati
and low noise. It is recommended to operate inlighra Figure 16 Ship equiped with wind turbines
with photovoltaic panels thereby ensuring greatergy
security.
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4, OPERATIONAL COMPARATION We can observe that reconfigurated system cover
BETWEEN FIRST AND RECONFIGURATED required ship energy only if the main engine hdsaa
POWER SYSTEM bigger than aproximatly 30%.

The table contains different speed of ship and
In table below we have real operation parametars fo different load of main engine.
very large crude carriers of 305000 dwt [5]. Also, we can amphasize that innovative energy
This is a operation comparation between first power cover energy required by the ship in 95% of casem f
system (auxiliary engines and turbogenerator) andtable [6].

reconfigurated system (auxiliary engines, turbo This things also means a fuel economy.
generator, shaft generator, wind turbines, photaiol Maximum power produced by innovative technlogy
pannels). onboard is 981 kW witch means o very good efficjenc

Table 2. Comparation between first ship power sysaed reconfigurated power system (real operatiarpeters)

knots % MT MT MT KW | KW | KW KW If KW KW
Speed | MCRME | ME | AE | Boiler | AE TG T T Efficient | SG (0.75 PTO) | WT+PP
12.04 32.33 38.9 3.7 8.50 676 274 | 950 981 Y 731.25 250.00
11.29 31.62 35.6] 3.5( 8.00 668 259 | 927 981 Y 731.25 250.00
12.52 32.06 37.6] 3.8( 8.60 719 272 | 991 981 N 731.25 250.00
12.33 32.60 36.7 3.7 7.90 691 271 | 962 981 Y 731.25 250.00
12.46 31.98 36.00 4.2( 8.90 1232 | 792| 2024 981 N 731.25 250.00
12.42 30.82 347 490 10.70 893 269 | 1162 981 N 731.25 250.00
12.79 31.27 35.2] 4.0( 7.50 765 276 | 1041 981 N 731.25 250.00
13.21 31.98 36.00 3.9( 7.20 681 259 | 940 981 Y 731.25 250.00
11.79 30.24 30.20 3.9( 8.10 594 277 | 871 981 Y 731.25 250.00
13.00 38.09 36.1 3.8( 7.60 663 272 | 935 981 Y 731.25 250.00
13.63 32.42 36.5] 3.7 7.60 648 261 | 909 981 Y 731.25 250.00
14.16 32.32 379 4.90 10.001191 | 776| 1967 981 N 731.25 250.00
13.29 32.78 36.9 4.90 10.50 691 257 | 948 981 Y 731.25 250.00
13.32 31.12 36.5] 4.2( 8.10 678 267 | 945 981 Y 731.25 250.00
16.33 79.14 89.1] 0.4( 060 O 828 | 828 981 Y 731.25 250.00
16.92 83.91 98.4] 0.0( 0.00 O 901 | 901 981 Y 731.25 250.00
16.25 82.25 92.6| 0.0( 0.00 O 813 | 813 981 Y 731.25 250.00
16.20 82.20 96.4 0.0( 0.00 O 749 | 749 981 Y 731.25 250.00
12.27 76.74 29.7] 0.9( 9.00 O TA7 | 747 981 Y 731.25 250.00
14.41 52.76 41,1 231 7.70 681 277 | 958 981 Y 731.25 250.00
10.49 30.11 25.1 3.9( 7.30 681 276 | 957 981 Y 731.25 250.00
HFO MDO

Total: 977.2 | 52.3 | 143.2 | 12152 | 9373 | 21525 | 20606 15356.25 5250.00
Table legend: 6. REFERENCES
ME- main engine;
AE - auxiliary engine; [1] NOVAC, 1., Ship theory and construction, Part 2 -
TG — turbo generator; Ship hydrodynamics, Universitatea Maritiy, Constara,
SG - shaft gennerator; 2013.
WT — wind turbine; [2] TAIRA, K., NAKATA J. Sphelar cell array module,
PP — photovoltaic pannels. Japan, 2013.

[B]IMUSCATO, D., GANDE E.BAUER Z.Photovoltaic
5. CONCLUSIONS Technology in the Shipping Industry A feasibility study

on the use of solar energy for diesel abatement in
Refference ship economic speed is 15 knots. If Handymax class cargo vessels, Japan, 2011.
during a voyage the ship operate at economic speedf4] MAN Diesel Ltd., Shaft Generators for Low Speed
result that auxiliary engines are not used andirequ  Main Engines, 2011.
electrical power will be covered only by the inntiva [5] FAITAR C. Concepte de modernizare energetica a

technology system. unui VLCC de 305000 tdw. Calculul s proiectarea
Also, fuel consumed will be only heavy fuel oil by sistemelor energetice auxiliare. Universitatea Maritiri
the main engine. Constanta, 2014.

This paper treat not only theoretical aspects lmat a  [6] www.pveducation.org/pvcdrom/modules/module-
real operational parameters for power systems adboa  circuit-design, accessed at 22.11.2015
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NUMERICAL ANALYSISOFA CARGO VESSEL MOTION

'LAMBA MARINEL-DANUT, “CHIRCOR MIHAEL, °*ANDREI CRISTIAN

1.2.3Constanta Maritime UniversitiRomania

ABSTRACT

A modern ship design procedure can be seen as@iive process where requirements, regulationsraied
including, amongst others, analysis of seakeepimd iatact stability criteria issued by the Intefonél Maritime
Organization and ship design solutions are compiredder to achieve an optimum solution. The carabon of the
ever growing population together with high demaaddoods and increasing oil prices have resultetthéndesign of
merchant ships that are optimized for minimum tasise and maximum load capacity. Certainly, preaticof ship
motion can be done in many different ways. Tessegeral full scale ships would unquestionably dile best
estimate, but would of course be too costly andtarally impossible. Another way of analysing shption is by
testing ship models in wave basins. Although agbetption than testing full scale ships, it is oftane consuming and
costly. A third option is the prediction of ship tiom by computer simulation. Computer simulatioms done with
respect to simplified models. These models reptgdgysical reality to a degree that depends orsitlifications and
assumptions made. The aim of this paper is to uhiervia numerical methods with Ansys CFX the motid a Cargo
vessel involving modeling the ship seakeeping fadQF. The paper is showing how, by using advanagdarmical
simulation techniques, one may describe accurdbelyship motion due to the marine environment dooral like
waves and wind. This simulation was done in orddrave the input data for further studies like dlushing effects of
liquid freight inside the hold of the cargo shipydy to be described inside some subsequent atidle the sloshing
effect take place, the structure of the ship isiéwhand in some points of the structure the stressbecome critical.
By using the motion curves calculated, all thesgaate simulations may be successfully developed.

Keywords: Ship motion; CFD, Finite Volume Analysis

1. INTRODUCTION During the last decades, several unified models
describing ship motion due to maneuvering in waves

A modern ship design procedure can be seen as afave been developed. A nonlinear unified stateespac
iterative process where requirements, regulations a Mmodel for ship manoeuvring and control in seaway,
rules including, amongst others, analysis of segikee where the unified model is obtained by superimppsin
and intact stability criteria issued by the Intdimaal ~ maneuvering and seakeeping model [1]. The potential
Maritime Organization and ship design solutions are and viscous damping terms in the model establistyed
compared in order to achieve an optimum solution Fossen are presented by a so called state-sppueaap
[5][8]. The combination of the ever growing popidat where instead of using the convolution integral ahhis
together with high demand for goods and increasihg ~ Used to derive the damping forces in classic theory

prices have resulted in the design of merchantssthiat linear reduced-order state-space model is used to
are optimized for minimum resistance and maximum approximate the damping forces [1]. Thus, achievirg
load capacity. standard representation used in feedback systems.

Modern merchant ships, seen today, differ however ~ Regarding the wave excitation forces, they include
significantly from the ships that were used in the the Froude-Krylov and diffraction forces (1 ordeawe
statistical studies upon which the IMO criteria besed, ~ loads) as well as the wave drift force (2 order evav
both in size and hullform [3]. loads). Hua and Palmquist describe a time domaim sh

Certainly, prediction of ship motion can be done in motion  simulation program (SMS) where two
many different ways. Testing several full scalepshi Mathematical models, a wave induced model and a
would unquestionably give the best estimate, butlo ~Manoeuvrability model, are incorporated into a ielif
of course be too costly and practically impossible. model [2]. The unification of the models is obtairiey

Another way of analysing ship motion is by testing assuming that no interference between the turning
ship models in wave basins. Although a better optio Motion introduced by ship maneuvers and the vejocit
than testing full scale ships, it is often time soming potential, diffraction or radiation waves is attlh thus
and costly. A third option is the prediction of ghi ~Making it possible to superimpose the given models.
motion by computer simulation. Computer simulations The damping forces, in contrast to the method
are done with respect to simplified models. These described in Fossen are derived to the time domain
models represent physical reality to a degree thatthrough the convolution integral [1]. As to the wav

depends on the simplifications and assumptions madeeXciting forces, only the Froude-Krylov and difftia
[7]. (first and second order wave loads) are includeukres

the Froude-Krylov force is treated nonlinearly.
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Furthermore, Min-Guk and Yonghwan introduced The strategy of ship modeling is that the body will
a unified model for ship maneuvering in waves where be treated as a rigid body with the entire mass
the interaction between the manoeuvring and seakgep concentrated inside the center of gravity followinih
model is done similar to the unified models presdnt the study of the ship motion as heave (Oz axis)iuth
above [6]. That is, the seakeeping and manoeuvring(around Oy axis).
problems are coupled and solved simultaneously. The The action and reaction of the sea upon the sHip wi
emphasis of the program is on th¥ @rder wave drift  be carried out using the Fluid Structure Interac(BSI)
obtained by using a direct pressure calculationhowt  of the fluid and the vessel body.
which is seen as an important factor in the skifeatory Inside ANSYS CFX software module the Beta
calculations [4]. option will be activated allowing the direct calatibn of
The aim of this paper is to determine via numerical the ship motion. The rigid body is encompassintui f
methods with Ansys CFX the motion of a Cargo vessel domain to which the OZ motion (Oz) and pitch mosion

involving modeling the ship seakeeping for 2 DOF. are permitted.
The Beta option of the software is supposing that
2. CAD AND FINITE VOLUME ANALISYS the ship is not changing the shape during its eimiu
(FVA) MODEL OF THE SHIP inside the fluid domain and this is a simplifiedseaof

. ~ FSI with the benefit of tremendously reducing the
In order to achieve the goal stated above, the shipcomputing power needed for solving the numerical
under consideration is the one given in the figire problem. In this approach all the forces and momsang

having the following characteristics: supposed to act only upon the center of mass of the
* Length-290 m structure and as per the Charles theory the emiirtton
* Heigth-32 m of the body will be described only by the centenafss
* Draught-11.1 m motions.

« DW-57.700t

* Engine type MAN B&W 6S50MC-8.200 kW

e Thickness of the steel plate-22 mm

«  Steel density-7800 kgfin

The geometry of the ship is developed by using the
software SolidWorks 2015 as seen below:

Figure 2 The ship seen as a rigid body

Figure 1 Cargo vessel under consideration

In order to simulate the air above the sea, the sea
itself and their interface the multiphasic optiofitbe
fluid will be activated. When using the multiphasic
option of the fluid model there are a sum of pheaoom

After the generation of the geometry some
geometrical properties are to be automaticallyudated:

*  Ship mass-29212771.5516 k% which are interacting as the buoyancy, the impuaise
*  Ship body volume-3745.2271°m momentum exchange in between phases, mass exchange,
*  Ship area-102516.6000°m superficial tension etc. that are involved. In oase the
» Center of mass coordinates [m] including the interface is separating two distinct phases, theegas
freight : X = 155.3927; Y =17.6088; one (air) and the liquid one (sea water). At thtgrface
Z=-11.9597. both phases are moving with the same speed and the
«  Calculated moments of inertia [kg/m flow is free. The mass fractions inside any fluid o
0 Ixx=16830893681.8206 gaseous phases is equal to 1 but the interfacefiised
0 Ixy=155000920198.2467 by the mass fraction of 0.5.
0 Ixz =-104240912271.1265 In order to generate the waves inside the fluid
0o lyx=155000920198.2467 domain we'll simulate a moving wall or Flapper. The
0 lyy=2751913141157.2334 fluid domain is parallelipipedic (like a testing
0 lyz=-6430523122.9927 hydrodynamic tank) providing enough space ahead and
0 1zx=-104240912271.1265 behind the ship in order the waves to develop ilikéhe
0 lzy=-6430523122.9927 figure below:
0 lzz=2756311538962.6108

The ship is having 5 storage hold carrying alumina
inside the hold 1, 3 and 5 filled 50%.
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Air

— Testing tank end

N7 Ship body
Flapper Sea bottom

Interface */

Figure 3 Fluid domain

appxPitch=atan2(probe(Total Mesh Displacement
Z)@Bowpt -probe(Total Mesh Displacement
Z)@COMpt,2.49[m])
The simulation is done as transient with steps.bf 0
sec within an interval of 10 seconds.

3. CFD SIMULATIONRESULTS

After 500 iterations the software is automatically
Once this strategy established the CFX model is calculating the ship motion as below. There are two

generated like in the figure below (along with the zones: the first one corresponds to transitory tiehaf

boundary conditions):

. Seabed
FMonitoring Monitoring point-
point-Bowpt COMpt

Monitoring
point-
WaveHeight

e LATAVAYS
e ARSI
RSN g
&

STy
O,

SRR
NSTev AN

0 4504003 924003 ()
2256 H00 6.75%003

Figure 4 CFX Model and the boundary conditions

There are established three monitoring points in
order to have the at the end of the simulationgttaghs

for ship motions:

¢ WaveHeight is placed ahead of the ship body

the forming waves somehow stochastic, and a second

stabilized zone where the waves get their shapettend
ship motion is stabilized.

Run Fluid Flow CFX 003
User Points

Transitory > <:|

1 zone

02 ! E:>

] Stabilized zone

T L) T ¥ T ¥ T x 1 : T ¥ T

——r——T—
] 0 0 60
Accumulated Time Step
= Monitor Point: Bowpt (Tota! Mesh Displacement 7}

= Monitor Pomnt: COMpt (Total Mesh Displacement Z)

—— Monitor Point: ight (Total Mesh D )

Monitor Pont: appxPitch

and is measuring the wave height impacting the

ship.

¢ Bowpt is monitoring the vertical displacement

of the ship.

of the center of mass of the ship.
The pitch is calculated

from geometrical

Figure 5 Motion curves and the seakeeping ship

For the final time step (10 sec) there are someroth
« COMpt is monitoring the vertical displacement calculated parameters of interest to be shown as in

Figure 9.

considerations and displacements of points Bowgk an

COMpt with a new variable defined in Ansys as falto
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Figure 6 Pressure fields distribution on the sfody

Figure 9 Fluid velocity distribution inside theil
domain

The pressure distribution fields as seen above, is
revealing an maximum value of 5257 Pa at the bawspr

Below is shown the sea water velocity along to the
ship vessel with a maximum of 0.25 m/s in the same
bowsprit region.

The air velocity is having the maximum value of
11.4 m/s above the ship.

The interface parameters are calculated as wall. Fo
instance the wave velocity is to be seen below.

P
[ms™1]

Figure 7 Water velocity fields distribution on tsleip

body

The water buoyancy force (BForce) is almost
constantly distributed along the body with an ageraf N ssan 7000 (m)
9766 kg/(ns). 2 2

On the other hand the flow parameters of the fluid
domain were calculated as well. Figure 10 FE Mesh velocity

For instance the pressure distribution onside the
fluid is like in the figure below: The maximum Finite Elements mesh velocity is to

be recorded near the Flapper with its maximum 0858

m/s.

The waves are exerting a certain pressure as below
with an maximum of 319 Pa due to the wave height in
Figure 11.

] 2500 7.000 (mp
[ S—  Se—]

Figure 8 Pressure distribution inside the fluiginddn

The maximum pressure of 5.88e4 Pa is placed on ¥ e
the bottom of the sea due to the hydrostatic pressee
in Figure 9. Figure 11 Wave pressure
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Thus the water velocity will be max. 1.59 m/s due successfully developed.
to the interaction to the structure in Figure 12.
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ABSTRACT

The shipbuilding industry is a segment of a cordimiengineering development facing many problemsrgged
by flexible environment that induces consideralolcé in the resistance of ship structures. Deteatiin of stresses

and strain of shipbuilding plate is done with comera s

oftware ANSYS for five study cases. ShipBimg has

changed since building the training ship in 1938 alhrivet bonding are replaced by weld plates.

Keywords:. shipyard intervention, structural analysis, stredsformation.

1. INTRODUCTION

In recent years, structural analysis has emerged as
means of checking the current buildings eligiblev-lo
cost technique, including shipbuilding. In the eutr
analysis were considered normal stresses occummng
the surface of the sheet plus alter those causedhbgs.

In this article we studied the use of rivets in dggs shell
and use or disposal seams. Examples of reseaittie is
Training Ship “Mircea”, a ship built in 1938 in Geany
whose structure is combined resistance based ngeti
Removal of rivets and sheet applications will afffec
vessel flexibility, while welds will induce interha
stresses in the material without it being subjedied
external forces. To perform the test it was useZiA®D
environment. CAD environment used is ANSYS, and the
method of calculation was "Finit Element Method"
(FEM). The results from the analysis are comparéht w
the limit values of stresses and displacements
accepted.[4,5]

2. PROBLEM DESCRIPTION

The article is focused on shipyard repairs related
frame plates for ships that were built using batkets
bonding and fixing their plates on truss elemehising
riveting work using doubling the tables over a aliste
of 200 mm, and current technology runs by welding t
front, sheet in the middle area (area riveting) Vase
weight and will also influence the deformation asticess
as shown next in ANSYS simulations.

Figure 1 Training Ship “Mircea” shipyard intervemt
3. NUMERICAL INVESTIGATION

Methodsfor solving problems by FEM
The main stages of the application of finite elemen
calculation are:
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1. The finite element discretized structure in
which only the nodes to be interconnected,
whose movements are chosen as unknowns.

2. Choose interpolation functions and is
calculated for each element matrix B.

3. Determine the matrices of rigidity and
stiffness matrix elements of the mesh.

4, Determine the nodal forces vector, write the
system of equations, and determine the
unknowns.

5. Calculate movements of the points of interest
on any item and then tensions.

6. Given the tensions and movements in the

required check points of strength and stiffness
conditions.
Accuracy of results depends on the fineness of the
mesh and how the conditions of continuity on trdesi
of the elements. Their fulfillment is influenced bye
interpolation functions in areas with high gradient
variation must be taken to a higher degree, whéctu$
to higher order elements. Construction subjected to
analysis is modeling in a CAD environment, ANSYS,
meeting the specifications of construction distance
between 600mm truss elements, tin is used A32 12mm
thick and yield strength of 315 N/ mm2. [9,12,15]
The current analysis is performed for five cases,
varying the length of the sheet metal replacemeint j
area, the riveted with the welded.

4. INPUT DATA FOR MESHING AND
SOLUTION

The study uses FEM for displacement and stress in
various cases as presented in geometry built in
DesignModeler component of ANSYS (Figures 2,6).

Data collected for computational purposes is based
in measurements and observations onboard Training
Ship “Mircea”. The fluid pressure used is,

Pz = 4.353x1fPa for a wave action in the area of
intervention.

Figure 2 CAD geometry on DesignModeler Case #1
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Geometry creatior

Geometry recreation

\

Ansys
Module
Mesh creatior (CFX Fluent Static
Structura etc.) '

Mesh recreation

Preprocessing

Figure 3 CAD geometry on DesignModeler Case #2

Data extractior
Solution

Postprocessing

Figure 7 Meshing connections inside solver

Figure 4 CAD geometry on DesignModeler Case #3

Figure 8 Automatically generated mesh for finite
element analysis

5. NUMERICAL RESULTSAND DISCUSSION
Stress Study

Figure 5 CAD geometry on DesignModeler Case #4 The stress study on surface was done on the table
with a equivalent wave force uniformly
distributed.[10,11]

After the simulation in case #3 is observed the
following results:

13504
10152
6820,1
3478
135.86 Min

Figure 6 CAD geometry on DesignModeler Case #5

Before being analyzed according to the FEM shaft
is meshed in elements by ANSYS meshing procedure )
according to Figures 7 and 8: Figure 9 Stress Study

Figure 9 shows that the stress concentration area
adjacent to the riveting and tension peaks occtireat
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transition from riveting to the welded area, scstld a
vulnerable area. However it notes that areas wiene
is less tense riveting stress and focus the renmimiea.

Vibration Study

In what follows, the element in all five cases
defined above is subjected to vibration frequency
between 15Hz and variations of 105Hz.

0.036559 Max
0.032487
0028435
0.024373
002031
0016248
0012186
noosia4z
00040621

0 Min

Figure 10 Vibration study at 15Hz

0.058031 Max
0051583
0045135
0038687
0.03224
0025752
0.019344
0012836
0.0064479

0 Min

Figure 11 Vibration study at 23Hz

0.080647 Max
0.07 1686
0.062725
0.053765
0.044804
0.035843
0.026882
0.017922
0.0089608

0 Min

Figure 12 Vibration study at 48Hz

0043895
0,036663
—{ 0.02933
— 0.021998
—{ 0.014665
0.0073326
0 Min

Figure 13 Vibration study at 51Hz

003328
0026624
0.019368
0.013312
0.006656
0 Min

Figure 14 Vibration study at 64Hz

0.086762 Max
0.077122
0.067482
0.057842
0.048201
0.038361
0.028921
0.019281
0.0096403

0 Min

Figure 15 Vibration study at 105Hz

Deformation Study

The total deformation of the application of the
pressure force uniformly distributed wave, as pmese
for static force in Figure 16.

6.4172e-6 Max
5.6997e-6
4.9372e-6
4.2748e-6
3.5623e-6
2.8498¢e-6
2.1374e-5
L4249e-6
T.1248e-7

0 Min

Figure 16 Deformation Study in Static Structural

It is noted that the movements are influenced ley th
overlapping plates and the modified mass/thickrefss
the studied area. A solution will be valid when gooynt
of material will present stress values accordinthtory
guides [13,14]. Collected data will be presentedaivie
1.

All presented values indicate that total defornmatio
and stress are modified in all five cases according
Figures 17 and 18. Presented values indicate a high
difference in all simulated situations and theseilts are
usable in shipyard repairs and other technical issud
regarding impact on old ships with modern technglog
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Table 1. Solution values for all 5 cases

Total
Mising Total deformationin | deformation
belt Total deformation in Total
Study case length Study deformation
[metres] [micrometres] Study
[N/m?]
Case #1 2.4 12.1 52145
Case #2 1.8 8.35 34778
Case #3 1.2 6.41 26873
Case #4 0.8 4.44 12080
Case #5 0 2.42 4897

Total deformation in
Total deformation
Study [micrometres]

15
10
5
0 : : : :
Case#1 Case#2 Case#3 Case#d Case#5S
Figure 17 Total deformation variation
Stress [Pa]
60000 -
50000
40000
30000
20000 Stress
10000
0
Case Case Case Case Case
H1 #H2 H3 H4 HS

Figure 18 Stress variation according to case
6. CONCLUSIONS

This work has reviewed the influence of modern
technology in shipyard repairs over an old riveted
built in 1938 based on forces generated real wgrkin
environment. In this analysis we have shown that
different configuration influences the deformatiom
ANSYS software analysis. This work has presentee fi
different cases and results for each case in figarel
tables. The analysis performed in this article $taslied
the impact of the shipyard intervention using cuotre
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technology. It was observed that the area remowasdah
role in reducing deformation and stress. The acgmt
is that there riveted plates induce less intertrakses in
the material as presented in case 5.

The results of this study may help the shipbuilding
industry in future hull repairs by optimizing thgréhmic
behaviour of the hull and reducing the costs otesé¢
types of repairs.
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COLLOCATIONS IN MARITIME ENGLISH

VICHEVA PETINA

Nikola Vaptsarov Naval Academy, Varna, Bulgaria

ABSTRACT

The paper presents an approach to collocationsaritikhe English for their manual extraction andssiéication
using one of the Admiralty publications — Sailingdations (Pilot Books). Firstly, collocations atefined in general.
Secondly, the field of Maritime English, in the bd®r sphere of English for Specific Purposes (ESBfated and then
Pilot Books are described. Finally, classificatafrthe collocations is given.

Keywords: English for Specific Purposes (ESP), Maritime

1. INTRODUCTION

The topic presents a particular research interest
because in all special terminologies the respetéums
collocate (typically combine) with certain words
(adjectives, nouns, verbs, etc.) forming the stedal
terminological collocations.

Dealing  with  collocations  (terminological
collocations in particular) the research calls their
definition.

A collocation can be defined as “a sequence of two
or more consecutive words, that has characterisfics
syntactic and semantic unit, and whose exact and
unambiguous meaning or connotation cannot be dkrive
directly from the meaning or connotation of its
components”’[Choueka 1988].

Some examples of collocational expressions as
given in [Choueka 1988] are the following:
personal nouns(names of specific, individual, unique
entities): e.g.

Ronald Reagan
President Reagan

United Nations

common nouns e.g.

ice cream

high school

artificial intelligence
idiomatic expressionse.g.
change mind

sit down

hit and run

research and development
and idioms like:

once upon a time

Thus, it generally assumed that a collocation
consists of two or more words which have a strong
tendency to be used together. For example, in Emgli
you say:
turn off the light,
not
close the light
strong coffee,
not
powerful coffee
She was attacked in broad daylight,
not
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EstyliSailing Directions, collocations, Pilot Book.

She was attacked in bright daylight

The WorldNet gives five definitions
‘collocation’. Here we present two of these:
Phrases composed of words that co-occur for
lexical rather than semantic reasons, for
example, a heavy smoker is one who smokes a
great deal, but someone who writes a great deal
is not a heavy writer. This seems to be a lexical
fact, not related to the meanings of smoker or
writer.
The frequency or tendency some words have to
combine with each other. For instance, the
phrases "tall person” and "high mountain”
seem to fit together readily without sounding
strange. A non-native speaker might talk about
a "high person" or "tall mountain,"” and this
construction might sound slightly odd to a
native English speaker. The difference is in
collocation.

of

Collocation is an intuitive ability of competent
English speakers to put words in correct combimatio
Such “an arbitrary and recurrent word combination”
[Benson 1990] proves to be an obstacle to most ESL
learners who are already too busy with the othlersraf
the English language when they use the language.

There are two types of collocations, namely
grammatical and lexical [Benson 1985a, 1985b].
Grammatical collocations are those which consist of
“dominant word” such as a verb, a noun or an anlject
followed by a grammatical word, in most cases a
preposition, as can be seen in examplesdiwght after,
deal with, take care ofand so on. As to lexical
collocations, they are usually formed by two “equal
lexical components in combinations like adjective
+noun, noun +verb and verb +noun [Benson 1985a:62].

It is this interlingual incongruence which can give
rise to second-language learning difficulties and
problems of translation equivalence. “Collocations
constitute a key component in the lexicon of ndtura
language. Translators and/or interpreters should,
therefore, possess a high syntagmatic competence
alongside their paradigmatic competence. Unnatesaln
comes as an immediate consequence of
translator’s/interpreter's inability to call up thelevant
collocations in the target language.”[Abdullah Shak
Mohammed Farghal, 1992-3].

the
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2. ENGLISH FOR SPECIFIC PURPOSES (ESP)

We are interested in collocations in the domain of

(ESP) started in the 60’s of the last century hetitlea
exists even a century ago.
There are three main divisions in the research®f t

shipping that is why we have to define the scope of ESp: 1) linguistic description (characteristics),

English for Specialized Purpose. We take the défimi
of Dudley-Evans [1998] which points out that ESR Ba
characteristics:
Absolute Characteristics
1. ESP is defined to meet specific needs of the
learners
2. ESP makes use of underlying methodology
and activities of the discipline it serves
3. ESP is centered on the language appropriate
to these activities in terms of grammar, lexis,
register, study skills, discourse and genre.
Variable Characteristics
1. ESP may be related to or designed for
specific disciplines
2. ESP may use, in specific teaching situations,
a different methodology from that of General
English
3. ESP is likely to be designed for adult
learners, either at a tertiary level institutioniror
a professional work situation. It could, however,
be for learners at secondary school level
4. ESP is generally designed for intermediate or
advanced students.
5. Most ESP courses assume some basic
knowledge of the language systems

Having defined ESP in general we have to pay
special attention to give a definition of ME agtpaf
ESP. There are many versions of the English laggua
in the world today. The most well-known variante ar
separated by large expanses of ocean. Maritimeidng|
is a product of life on the ocean itself.

There are at least three reasons for its appearanc

- the need for clear communication:

- the development of a set of terms to refer to
the parts of ships, and the procedures involveshiling
them.

- the globalisation of the shipping industry.

3. MARITIME ENGISH AND
TERMINOLOGICAL COLLOCATIONS

Among the specialists, working in the field, théese

consensus regarding the name of the language fo

specialized purposes used among the profession
discourse community as Maritime English Language.
[Trenkner, 2002].

This calls for its defining and description. Defigi
the aims, the subject, and the field of the Spe&dl
English Language and the Maritime English in
particular. The development of linguistics as a l@ho
influences upon the approaches of defining and
describing these fields. Different theoretical aymhes
have different definitions, defining the languager f
specialized purposes.

There are specialized spheres which refer to the

professional differentiation of the human activifijhe
research in the field of language for specializegppses
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[

2) cooperation with other disciplines, 3) reseasche
in the field of methodology of teaching [Prichai@0B].

There are specialized fields in every language and
they comply with the professional division in thenfan
activities. The well defined research in the fiedd
language for specialized purposes started in the &0
the past century but the ideakdchspracheand langue
de specialiteexists even a century before.

Sager et al define languages for specialized
purposes as “semi- autonomous, complex systemsl base
on and extracted from the general language.” [Sager
al. 1980]

According to the same authors [Sager et al. 1980]
the specialized language is “subdivision of theglage
from pragmatic as well as extra-linguistic pointagw”.
Sager defines what levels of the language.
system of the specialized languages are influermed
this division.

According to him they can be looked upon as
individual systems on grammatical, semantic and
pragmatic level or as a combination of some of them

He finds it sufficient to establish a separate
pragmatic level, as a separate group of userserdiit
topics, and different situations.

Not so clearly recognizable are the signs of
separation on lexical and grammatical level. Theneef
research in specialized language should be madeitot
terms of differences in the modes of expression iand
relation to the field of use.

M. K. Halliday [1993] called these subdivisions of
the language variants of the language, adoptingettme
register According to Halliday, the term used for the
first time by Reid in 1956 and later developed lny[H,
Ellis 1977]. He defined register as a variant oé th
language "depending on its use" - what we say,
determined by what we do (the nature of the social
activity in which we are involved) and expresses th
diversity of social processes of a particular ditra

The important question for him is: What kind of
situational factors determine the choice that béimade
in the language system. Halliday separates speethli
languages as a special case register. The regis#irbe
determined by the "linguistic features that areallgu
ssociated with the configuration of situationaltéas —
ith certain grades offield of discourse, tenor of
discourse, mode of discourse[Malliday, Hasan 1976:
22].

1.Field of discourse - refers to the institutional
environment of the implementation of the
communicative act.

2.Tenor of discourse - refers to the
relationships between participants in the
communicative act.

3.Mode of discourse — refers to the agreed
channel of communication.

In this sense, B. Pritchard (2001) noted that
Maritime English is mainly determined by the fiabd
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discourse, but can be influenced by the tenor of
discourse and the mode of discourse.
The register used will depend mainly on the

(e.g. in the field of Shipping), which sequence amthe
following is correct: ...... rock + verbs....). 'Homme &
Bertrand contend that “collocations are conventiona

situational constraints set by the adequacy of thewithin a given linguistic community; specializedileal

communicative situation. Therefore, according tm,hi
Maritime English can be treated assat of registers"
[Pritchard 2000], for example, navigation, techhica
legal, commercial, spoken, written, limited etcei."All

combinations are conventional within a group of
specialists.” Learners of a language or a speai@guage
must acquire them as such since they are unprétécta
This “unpredictability” justifies their insertionni a

means of the English language that are used forreference tool and has largely determined our ehofc

communication by the international maritime
community, contribute to the safety of shipping and
support maritime business." [Trenkner 2000]. Acaayd
to P. Trenkner "... specialized language must eaved
in the context of human activities linked to theeafic
objectives of certain activity, which for Maritime
English refers to be considered in the context haf t
activities carried out by seafarers in shipping0Q2
Trenkner 1). Maritime English is seen as a varainhe
commonly used English and has all its charactesisif
a national, multinational or supranational langyage
as a lingua francaand can be described as a flexible,
dynamic, multifunctional system or means of
communication.

We accept the definition of P. Trenkner [2002: 2],
delimiting Maritime English.
"Maritime English language is a combination of all
those possibilities of the English language to besed
as means of communication by the international
maritime community, contribute to the safety of
shipping and support maritime business."

This definition was adopted by the maritime

topic and aim of this thesis.

4. ADMIRALTY PUBLICATIONS. PILOT
BOOKS

A pilot book or Admiralty sailing directions is one
of the most important navigational publications
published by the British hydrographic office. Eaguilot
book refers to a specific area. Its limits are giem the
cover of the pilot book e.g. North Sea (East) Ril&t 55.

4.1 Structure and contents of the pilot book

Each pilot book consists of diagrams, illustrations
and explanatory notes. It also includes short gligssf
foreign names and terms, a few chapters referring t
description of the regions, some appendices and
panoramic pictures of shore landmarks, lighthouses,
mountain peaks etc.

Pilot books provide the required information for
performing safe navigation which cannot be providgd
the charts or some other nautical publications.réfoee
pilot books should be read together with the chgisten

community and has served as a leading one in manyn g particular pilot book. Supplements to pilobks are

researches related to the efforts to improve
communications at sea and the developments retated
the standardization of the language used in magitim
communication.

Our research work is focused on some maritime
collocations extracted from pilot book.

3.1 Definition of ‘Terminological Collocation’

WorldNetdoes not provide any definitions of the phrase
‘terminological collocation’. Therefore, if we talklee
first definition of ‘collocation’ cited above, namye “a
phrase composed of words that co-occur for lexical
rather than semantic reasons”, and make the negessa
changes by adding the terminological componenty the
we can propose the followingdefinition of
terminological/specialized collocation’

A terminological phrase composed of a

base term and other words that co-occur

for lexical rather than semantic reasons.
Marie-Claude L'Homme and Claudine Bertrand [2000]
distinguish between specialized lexical combinatiand
collocations. Specialists usually agree on the fhat
both collocations and specialized lexical combiagi
(SLC) conform to a conventional usage within a
community. Meltuk et al [1995] mention that
collocations cannot be accounted for in terms gfilar
syntactic or semantic rules. Bergenholtz & Tarp9H]9
claim that special language users with insufficient
linguistic knowledge will not be able to know whetta
given word combination is correct in a particulald
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published annually. The more important changes are
published in théNotices to Mariner.
The first part,called “Navigation and regulations”
comprises:
Limits of the book
Navigational dangers and hazards
Traffic and operaqgtions
Charts
Aids to navigation
Pilotage
Radio facilities
Ragulations
Signals
Distress and rescue

The second parf;alled “Countries and ports”
consists of:

Principal ports, harbours and anchorages
Port services
The third part,named “Natural conditions”, gives
information about:
Maritime topography
Currents and tidal streams
Sea level and tides
Sea and swell
Climate and weather
We have to make our research on the follow terms
and we found the word that they collocate with:
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Bank - The rising ground bordering a lake, In conclusion it must be pointed out that
river or sea. Underwater plateau that rises up collocations in ESP and in Pilot books have theino
from the ocean floor, creating shallow water peculiar characteristics. They are not arbitrargt grey
where fish feed. must be treated in cohesive clusters. This is #gtua
Bar - An obstruction under the sea made of helped by the very nature of these collocationsdei
rocks, mud or sand which would prevent certain knowledge items in the domain of specialists and
deep draught vessel from entering a port. trainees in navigation. Organizing the collocatiofishe
Shallow water usually made of sand or mud, particular domain will help the specialists and the
usually running parallel to the shore. Bars are trainees organize the knowledge in the domain ter t
caused by wave and current action purposes they aim at.

Flat - A place covered with water too shallow

for navigation with vessels ordinarily used for 5.
commercial purposes. The space between low
and high water mark along the edge of an arm [1] ABDULLAH SHAKIR & MOHAMMED
of the bay, tidal river;a container with two end FARGHAL, FIT Newsletter, 1992-3
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Rock rises above the seabed

» Collocate adjective + Base noun: For example -
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ABSTRACT

The article proposes study of the frazzle of theigdacrane during in the motion of braking. In sifieally the
study is refers to highlight the phenomen of 'lsticslip”. The mechanic phenomen is achieving ie tlumerical
modeling of contact between wheel and rail duringking. The numerical modeling will be done usihg tomputer
program Matlab Simulink and FEM software ANSYS. WHdction occurs then an intermittent slippage ftearing a
acoustic phenomenon. This explains why the soundgmerated by the bow moving on the wire of tlairvior the
squeal during braking of the wheels on the rail.

Keywords: stick and slip effect, coefficient of friction, gar slip.

1. INTRODUCTION frequency sound is given by the intermittdrittion.
Same happens with the sound of crickets and other
In the most shipyards are using the lifting locusts [2].
equipment moving on rails. This paper present dysti Earthquakes occur because of this phenomenon. At
the movement of portal cranes. the time when two tectonic plates are in contact an
It highlights one of the issue of Mechanics contact relative movement occurs between them, a tensisasar
and Physics friction, namely the slipping interenittly then is followed by a strain producing vibrationthe
phenomenon called "stick-slip" between a wheel €ran earth crust.
and the rail. In the first figure it is presente8@ model
of the rail-wheel. This model was made in 3D design 2. DESCRIPTION OF DYNAMIC MODEL OF
software NX 7.5. Also it is represented the caltofa THE STICK-SLIP PHENOMENON.SIMULATION
scheme during braking the wheel on the rail. OF THE EFFECT USING MATLAB SIMULINK

To full fill the conditions of static friction targntial
force must be less than the product of the coefiicdf
friction and normal force (TigP). Meanwhile the contact
area is divided into a "stick” area and a “slip”ear
Sizing those depends on the ratio of tangentiaei@nd
normal force [2]. Once tangential force size exseed
normal force size, generates relative motion betwee
those two bodies and thus begins dynamic friction.
Stick-slip phenomenon encountered in a variety of
engineering applications but also in other domsiiows
both types of friction, both static and dynamiceféis a
variation of friction force that causes intermitten

Figure 1 3D model rail-wheel slipping called "stick — slip".
The friction force is oppose to the relative motadn &
two surfaces in contact or of two elements sliding J

against each other.
The phenomenon of "stick-slip" includes two # K
problems. First the problem the contact and sgdsn - /\/\/\/\/_
the dependence of the coefficient of friction withe Vs
relative velocity between the two surfaces. In tfirs |
problem we have the Hertzian contact theory. Anthe
second problem we have unhertzian theory with the
friction contac{1]. _ _ o _ Figure 2 Dynamic model of “STICK-SLIP”
This phenomenon of intermittent slipping occurs is phenomenon
the most engineering applications and also in eaftor
example the vibrations produced by the bow on thre w
of the violin or harp, produce the sounds. Thathhig

rail

Figure 2 presents the dynamic model of the "stick-
slip" phenomenon for wheel-rail. In figure 2 we hahe
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following notation: k - modulus of elasticity of gh Processing the differential equation (1) we get a
surface, G- force of gravity pressing a wheel ared V final shape for the sliding intermittent movemestick-
velocity brake. Was considered the following idea: slip";
braking occurs when the wheel is stationary andaas _(Vs
track relative motion [4]. The wheel stays gluedthe mx+ kx= (4, — 4,) e Vo Gy, C )
rail and when it is pulled by the rail track teridgestore
because of elasticity [3]. This phenomenon produces . ) )
vibrations in the system. Vibrations are followegt b In differential equation (2) 4, - represent
sounds with frequencies between 0.6 and 2 kHz.

The dynamic system proposed it is with one degree
of freedom and has the following equation;

coefficient of static friction and/ - represent the

coefficient of kinetic friction.
These coefficients are determined experimentally
and taken into standards tables [5].

mx+ cx+ ko= If:( xxiF ), @ For example, steel-steel friction coefficient cditit
and friction is 0.4 and kinetic coefficient is 0.2.
Ff = /’IFn . . . . . .
. Rewriting equation is found in relation (3):
Vs-5
=(
3. CASE STUDY. NUMERICAL MODELING OF G — kx+ - e W' G
“STICK-SLIP” EFFECT X= Hi (44 = 14 . 3)

m
In the case of numerical modelling we will solve th
differential equation (2) using Matlab Simulink
computer software. To resolve we will rewrite eduat
(2) in a form suitable for inserting in Matlab Silimk

blocks.
1 ] o] [
B = . scoeleratie viteza
1 . =+
= Product
I ] S R . S [
1 3 = K- H - - - — -
Ll W 5 5
% I Gsain Integratori Integrator deplesars
q Producti
'sVo +
AN | — =t
e
- Add
Addi Math
Fundicn
4
Product2

1

{us-uk)=

Figure 4 The scheme of solving the equation akstiip motion
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In Figure 4 you can see the block scheme fo
solving differential equations in relation (3). Dbtain
the results we will introduce the following initidata
reprinted in table 1.4.

Table 1. Initial figures

>
o = =
c |E © ©
S |& £ > £ 17
g |2 = 'S © i
N s |55 "5% kel a8 [
0 |32lg8 358 22| 82| o=
o = — e (]
(O] O = O © >
£ |E £ E= & S
; [} D [ S
S 3 - 2
®) =
2
Z ~
L S o
118 3 S £ = e
o © © o o —
N o

Following the numerical modelling will be obtained
results for the movement variation and velocityking
variation. And we deduce from these two the “sktik”

effect [6].

0.7 ————————

0.6

Time

Figure 5 Motion graphic

In Figure 5 can be seen the graphic motion during
rail wheel slip. In the studied case we have a mari
displacement of 0.55 mm. As seen, slipping is flagh
for 5s.The effect of stick-slip as seen, last f@esonds.

In Figure 3 we see the sliding velocity variation.
We note that it has positive and negative value. In
sliding phase maximum velocity is 0.9 mm/s. Whea th
bonding occurs, the velocity has a negative value
because the stick effect tends to restrain the mewne
As you seen in the picture the vibration is a dainpee.
The vibration occurs within 0 and 5s.

1 | | |
0.8 I/."r T“"‘-—-. slip —Wariation stick - shp
08 [I II sSLIP
= » || ‘{ STABRTLIFATION MOVEMENT
0. |
|
E 05 | STl :|i_£/ STICK \
T . SLIP
% ] /fr ' .H_j_/_ _ N
-|:| 2 /.-HI \
' \é/’ “STICK
0.4 :
d 1 2 3 4 5 G 7 g g 10
Time

Figure 6 STICK-SLIP graphic

In Figure 7 can be observed the variation of the
acceleration under stick-slip effect.

T T T
cloratien variahion stick-slip

§ [ics

n
T

Acceleration mmis?
T

Figure 7 Acceleration graphic
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In sliding phase we have an accelerated movement
with a 4mm/ §value.

When the mechanical system is falling under the
stick effect a slowdown tends to hold back theistd
movement.

But due to the large inertia wheel continues tdesli
In a period of 10s stick-slip effect occurs thrigeets.

We have a varied accelerated movement.

The stick-slip effect produce this variation of the
movement.
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4. DETERMINATION OF WHEEL STRESS
UNDER THE STICK-SLIP EFFECT

To determine the stress that occurs during braking
has been used the ANSYS software.
It has been used the calculation scheme of figure g
in which was framed the rail on the lower base, tieen
defined the friction contact using the coefficierdt
friction from Table 1, has been applied a forcespuee
and a velocity.
The analysis has been made in "Transient Figure 10 The distribution of stress in the wheel
Structural” module.

X
000 000 40000 ()
— —)

10000 30000

5. CONCLUSIONS

In this paper work was presented the stick-slip
effect of the system of brake.
- The Stick-slip effect produces vibrationsdan
acoustic phenomen in the mechanical system
- The results of simulation demonstrate thi dffect
is quite dangerous because the mechanical vibgation
. caused by this phenomenon can resonate with the
J\ mechanical system, with devastating effect.
N, - The simulation has been done on a spedifie @nd
in normal operating conditions.
- From the FEM analysis, the mechanical sysiem
functioning in safe operating conditions.
- The stress from the wheel are well below the
allowable limit of the material.
- This calculation can be used for any typevbeel
out during braking.

Velociy
[ focszess i

(A1) nau SU0.0 fmrm)
1

Figure 8 Calculation scheme

The 3D model was meshed in 5717 tetrahedral
finite elements and 1,380 nodes. Mesh network @an b
seen in figure 9.
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THE R32 REFRIGERANT - A SOLUTION FOR SHIP REFRIGERATION PLANT
'COMAN GELU, °DRAGAN MARCEL

“2Dunarea de Jos University of Galati, Romania
ABSTRACT

The paper concentrates on a theoretical invesbigath the performance of the vapour compressiamgsezhtion
cycle. Generally, the refrigeration plants on marthvessels play a vital part in carrying refrigedacargo and
provisions for the crew on board and also air ciming for accommodations. In reefer ships, thagerature of the
perishable or temperature sensitive cargo suctoed, fchemical, or liquefied gas, is controlled bg tefrigeration
plant of the ship. The work presents a comparatiudy between the new R32 refrigerant and R22, R40W R134a.

Keywords:. cooling capacity, R32 refrigerant, GWP, ODP, refrigeration plant.

1. INTRODUCTION schedule for the removal of R22 refrigerant frorages
[7].

According to the CIA's The World Factbook, there An ideal refrigerant should be energy efficient and
were about 38,000 registered merchant ships in therequire small system dimensions. It should be cbeltyi
world in 2010, out of which about 920 were desigasd and thermally stable, compatible with all relevant
refrigerated cargo ships. There are about 1100hmetc  construction materials and compressor lubricants- n
ships, with HCFC-22 being the main refrigerant. In toxic, non-flammable and with no detrimental effect
addition, there are approximately 30,000 merchhigss  the global environment [1]. At the same time, ibslad
which have refrigerated systems for crew food syppl be non-expensive and easily available.
again, mainly using HCFC-22. Because of the In order to compare the theoretical data, we have
proliferation of self-contained refrigerated conexi chosen the following refrigerants: R32, R22, R4G#d
systems on container ships, there are many mopes shi R134a.
than those designed for only refrigerated cargo dna The refrigerant R32 demonstrates very good heat
also carrying some refrigerated cargo. There areemo transfer characteristics [3]. R32 has excellent
than 500,000 such containers that have individualthermodynamic properties as a refrigerant. In teohs
refrigeration units of about 5 kW cooling capacity. refrigeration characteristics, it is similar to the
Refrigerants in this sector are transitioning frGfRC-12 refrigerants R502 and R22. R 32 is toxicologicalife
to HFC-134a and R-404A/R-507A. and extremely stable thermally and chemically.

The main purpose of the refrigeration plant of the R22 is the most commonly used refrigerant in the
ship is to avoid any damage to the cargo or pdilsha world. The refrigerant R22 has been used in resiaen
material. Refrigeration prevents the growth of micr and commercial air-conditioners due to its excellen
organisms, oxidation, fermentation and drying duthe chemical and thermodynamic properties [2]. R22
cargo. contains Cl, and when it escapes contributes tozbae

Refrigeration is required to prevent natural depletion in the atmosphere. The ozone depletion
decomposition. In chemistry, a common agent of potential of R22 is approx. 5% of R12 or R11. R2ai
decomposition is heat, which can reduce both imdoga medium pressure refrigerant like ammonia, althoiigh
and organic compounds to their natural constituents has the advantage of a smaller pressure ratio. From
Refrigeration is applied to goods in order to mizien  January 12010, import, produce, sell and / or use virgin
this process. For fruit cargo (living cargo), thaoling R-22 is prohibited, according to Regulation (EC) No
process is used to reduce the metabolic procehas¢s t 2037/2000 on substances that deplete the ozone, laye
would normally lead to ripening. although reclaimed R-22 can still be used until®201
The refrigeration and air conditioning industry tmade The refrigerant R407C is a zeotropic mixture of R12
tremendous progress over the past two decades ilR32 and R134a (25/23/52% by weight) with a
reducing the use of ozone depleting refrigerantsTbe temperature glide of approx. 7 K. It is a long-term
original targets of the Montreal Protocol, estdi#id in alternative to R22 in certain applications [7]. Tdi®ice
1987 to reduce emissions of ozone depleting subssan  of heat exchangers is of critical importance fa tise of
are being met and exceeded. Another consequence oR 407C. When an R22 plant with shell and tube heat
these initiatives is that during the 1990s and ¢hdy exchangers on the condenser side and on the evapora
part of the present century, there was a consitkerab side is converted to R 407C, it may result in auotion

uncertainty regarding future refrigerant options. of the refrigerating capacity by 10% and a reduciio
the coefficient of performance of up to 18%.
2. ANALYZED REFRIGERANTS Compatibility with metals is comparable to thatR#2
In view of the Ozone depletion and Global All standard materials used in refrigeration maehin
Warming phenomena, Montreal and Kyoto Protocols construction may be used.
restrict the use of CFCs and HCFCs in the refriggga R134a was introduced as the first refrigerant

systems. The Montreal protocol has given a phase ousubstitute. It may replace R12 in practically all
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applications, such as in household refrigerators, All
automobile air conditioners, heat pumps and comialerc

metals and metal alloys standardly used in
refrigerating machine construction may be utilized.

refrigeration. R134a is non-flammable and In Table 1 we have shown the physical, safety and
toxicologically safe. environmental data of the refrigerants [1].
R134a is thermally and chemically stable. Its
compatibility with metals is comparable to thatRf2.
Table 1. The physical, safety and environmenttd dathe refrigerants
Refrigerant| Chemical Boiling point Critical values ASHRAE 34 ODP GWP
formula or at 1.013 bar Safety group
composition °c
Temperatures Pressureg
°C bar
R22 CHCIF2 -40.8 96.1 49.9 Al 0.05 1700
R32 CH2F2 -51.7 78.1 57.8 A2 0 650
R407C R32/125/134a -43.8 86.0 46.3 Al 0 153(
R134a CH2FCF3 -26.1 101.1 40.6 Al 0 1300
3. METHOD OF ANALYSIS
The study concentrates on a theoretical 12
investigation on the performance of the vapour
. . . . Q
compression refrigeration cycle [4]. The refrigasan =10 ~R2
R22, R134a, R407C were used as the working fluid fo )
the comparison with the R32 refrigerant. 5 - R134a
The simulation has been done on a single-stage N8 Ra07C
process with internal heat exchanger. The conditio o <R32
for the ideal refrigeration cycle are: Q6
« the evaporating temperature=t -30, -20, -10, 0, g
10°C. =4
« the condensing temperatuge #0°C. 5
* the system capacity =50 kW. % 21
« the compressor isentropic efficiency = 1. Lﬁ
« the sub-cooling temperature 2G. 0
« the superheating temperature =°C0 3% -3 25 20 15 10 5 0 S5 10

The main parameters of performance analysis such
as refrigeration capacity, mass flow rate, compoess
work, volume flow, pressure ratio, evaporating pues,
volumetric refrigeration capacity, compression
discharge temperature are investigated for various

Evaporating temperaturé]

Figure 2 Evaporating pressure Vs.
evaporating temperature

evaporating temperatures ranging between 3507
-30 °C and 10°C and a constant condensation — 3004
<=
temperature of 46C. = ~R2
12 g 200 R407C
o = R32
o 10 g 1504
)
S 5 5100
) o
5 6- > 501
a -+ R22
0
O 41 |-=R134a 0
o 5 R407G -35 -30 -25 -20 -15 -10 5 0 5 10
-=R32 .
0 Evaporating temperaturé]
35 -30 -25 -20 -10

Figure 3 Volume flow Vs. evaporating

0 5 10
Evaporating temperatur&}] . !
emperature

Figure 1 Pressure ratio Vs. evaporating
temperature
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4. CONCLUSIONS

Looking at Figures 1 and 2, we can see that
although the evaporating pressure of R32 refrigeisan
the largest, the pressure ratio of the same refigds
one of the lowest, which leads to the conclusioa,th
from the energetic point of view, R32 is very gdode
used in refrigeration systems.

In Figure 3, we have presented the volume flow wers
the evaporative temperature. From this figureait be
seen that, for the same refrigerating capacity, R32
presents the lowest volume flow rate. This graghim
accordance with Figures 4 and 5. This is an adgenta
for using R32 like refrigerant, because it leadsato
smaller amount of refrigerant in the refrigeratsygtem.
Because R32 has a large refrigeration capacitymisies
flow rate (and the volume flow rate) will be small
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CFD STUDY ON THE REDUCTION OF NOX EMISSIONS FROM MARINE DIESEL
ENGINES

'DAWWA MAHRAN, BOCANETE PAUL
L2Constanta Maritime University, Romania
ABSTRACT

The aim of this study is to simulate the reductid™NOx emissions by using different reduction tealogies, the
effect of combination between the use of EGR andction timing on the formation of NOx emissionslivibe
discussed and illustrated. The first strategy ofxN€duction is the combination between 10% EGR tancktard the
start of injection 3 degrees. The second strategjhé combination between 5% EGR and to retardnjeetion 6
degrees. The study uses ANSYS ICE program to préwaeduction in NOx emissions.

Keywords: Diesel engines, NOx, NO, EGR, injection timing.

1. INTRODUCTION

In this study the influence of using two reduction
technologies at the same time on the formation OkN
will be discussed and illustrated. Due to the stric
regulations of NOx emissions, diesel engines corggsan
and developers are seeking to meet the new strict
regulation of NOx by developing new feasible
technologies [3]. The excess using of one methad fo
reducing NOx emissions leads to negative results in
terms of fuel consumption and the formation of

particulate matters [9-10]. Hence, the combination

between more than one method of NOx reduction at : i bt
moderate level can lead to increase the NOXx realucti z
with less negative effects on other engine paramete i

This study discusses only the effects of combiE@&R Figure 2 The sector geometry

with injection timing on the formation of NOXx. ) )
The simulation was performed between 330 CAD

2 THE STEPSOF SIMULATION and 485 CAD. The initial pressure, temperature, and
composition of in-cylinder gases at the start oé th

The simulation is applied on naturally aspirated Simulation were computed using a MATLAB code

direct injection DI diesel engine. Engine operation Which calculates the parameters of cylinder gasemgl

regime is speed 1440 rpm, and engine torque 150 N.mthe compression stroke. cher boundary condltl_cmi;ns

the designed geometry is illustrated in figure NS¥S as the temperature of cylinder walls were set @ good

ADM program was used for decomposing the sector @greement with temperature in the literature.

geometry as it can be seen in Figure 2. ANSYS ICEM

was used for dividing the sector geometry into alsm 3. RESULT DISCUSSION

cells this step designated mesh stepUENT program i .
was used for calculating the solution. 3.1 First strategy of NOx reduction:

The influence of combination of 10% EGR and
retarding the start of injection 3 degrees on trenaition
of NO is illustrated in figure 3. It can be seereth
combination between the EGR and the injection tgnin
at these rates leads to a big reduction in Volume-
Average mole fraction of NO. The combination betwee
EGR and injection timing results in the reducing thte
of rise of NO mole fraction due to the reductiontlire
temperature of cylinder gases and due to the rizdtuirt
the ignition delay period.

Figure 4 shows Mass-Average mass fraction of NO
at different methods of NOx reduction, it can berse
that recirculating 10% of exhaust gases leads gbeni
Figure 1 The geometry reduction in mass fraction of NO than the reductign
retarding the injection 3 degrees. The level ofutidn
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in mass fraction of NO by the combination of both

methods is significantly higher than the use ofyaoe

method of reduction.

0.0014
0.0012
0.001 M

0.0008

0.0006

0.0004

0.0002

0

330 350 370 390 450 470 490

=——hase case =——inj344

EGR 10%+inj 344

Figure 3 Volume-Average mole fraction of NO as a
function of crank angle
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Figure 4 Mass-Average mass fraction of NO as a
function of crank angle

The NO density is illustrated in figure 5 as a
function of crank angle degrees at three cases @f N
reduction methods. It can be seen that the typeethod
affects the peak value of NO density. Figure 6 shiwe
Volume-Average rate of NO as a function of cranglan
degree. It can be noticed the effect of each metifod
NO reduction on the peak value of the rate of N@ah

be seen that by using 10% EGR, the peak value of NO

rate decreases 46.41%, while the NO reduction is
24.04%by retarding the start of injection 3 degrees
when the both method are combined the rate of NO is
reduced by 62.49%.

It can be noticed in figure 6 that the sharpnegb®f
curves of Volume-Average rate of NO is linked wiitie
amount of formed NO and the time of NO formation.
Hence, the reduction in the formed NO leads to fowe
sharpness in the curve which represents the Volume-
Average rate of NO, and vice versa.
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Figure 6 Volume-Average rate of NO as a function
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Figure 7 shows the Volume-Average rate of prompt
NO. It is obvious how the shape of the curves arie
according to the method of reduction. It can bendbat
using 10% EGR reduces the peak of prompt NO and
reduces the amount of Prompt NO when it compared
with retarding the injection 3 degrees. The usdath
reduction methods lead to higher reduction in promp
NO which will lead to a relative small reduction tine
total formed NO.
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Figure 7 Volume-Average rate of prompt NO as a
function of crank angle [kgmol/m3-s]

3.2 The second strategy of NOx reduction:

The second strategy depends on reducing the EGR
rate to 5% and to retard the start of injection 6or
degrees. It can be seen in figure 8 that the inflaeof
10% EGR rate on the Volume-Average mole fraction of
NO is less than the influence of retarding thetstdr
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injection 6 degrees. Hence, the shape of the cafve (o1
total volume-average mole fraction of NO is simitar
the shape of the curve of NO that presents retgrifia
start of injection more than the shape of the cafvilO 0.008
which presents 5% EGR, in terms of where the peak
value of mole fraction occurs. Figure 9 shows mass-
average mass fraction of NO, it is obvious as \welv 0.004
the use of EGR with retarded start if injection 6y
degrees leads to a significant reduction in masstitm
on NO. 0
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egr5% inj347
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0.0012

Figure 10 Mass-Average NO density as a function of
crank angle [kg/m3]
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Figure 10 shows the curves of NO density, it can be
seen that the curve of total NO density is simitathe
curve of NO density with 6 degrees of retarding steet
of injection more than the curve of NO density Wi
EGR, because of the contribution of retarding thet ®f

Figure 12 Volume-Average rate of prompt NO as a
function of crank angle [kgmol/m3-s]

The influence of each strategy on the formation of
total NO is shown in figure 13. The first stratagat the

inject_ion_in the reductio_n of NO is_greater thare th  |eft side and the second strategy is at the rigte. By
contribution of 5% EGR in the reduction of NO. Rigu  comparing the results of first and second reduction

11 shows the Volume-Average rate of NO as a functio  gyrategies, it can be noticed that using the fitsitegy
of crank angle degrees. It is obvious how the s#con o545 to 44.93% and by using the second strategy th

strategy of no reduction leads to a significantucidn reduction in NOx emissions reaches 47.77%.
in the peak value of the rate of NO. On the othemch

figure 12 shows the influence of different metharfs
NO reduction on the Volume-Average rate of prompt
NO.
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4. CONCLUSIONS

After comparing the results of first and second
reduction strategies, it can be concluded thatrale of
NO reduction by using the both strategies is alntlost
same. Hence, fuel consumption is the main factat th
determines which of these strategies is the bedieto
used. The second strategy is the preferable syrdteg
reducing NO. Since the effect of EGR on increashwey
BSFC [4] is less than the effect of retarding stdrthe
injection, and because of the limited ability tduee NO
by changing the injection timing [10].
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