MODELLING THE EMISSION OF NOXIOUS COMPOUNDS
OF MAIN ENGINE EXHAUST GASES
IN THE GULF OF GDA NSK REGION

Leszek Piaseczny

Gdansk University of Technology
ul. Narutowicza 11/12, 80-950 Gk, Poland
tel.: +48 58
e-mail: piaseczny@ptnss.pl

Tomasz Kniaziewicz

Naval Academy
ul. Smidowicza 69, 81-103 Gdynia, Poland
tel.: +48 58 6262851
e-mail: tkniaziewicz@wp.pl

Abstract

The development of marine diesel engines has sbefan directed towards raising their power, redgciuel
consumption, burning fuels of the lowest possibiality and the extension of operation time. Thenggro-ecologic
pressure has caused atmosphere pollution by exlgassgs of marine engines to be one of the mainlgmub of
environment protection of recent years. The GulBdénsk area, just like sea ports or coastal regjda vulnerable
to the effect of noxious compounds contained iselesxhaust gases, besides those coming from falysants,
power plants or vehicles. This concerns vessell boports and in the roads. In order to determihe share of
vessels in environment pollution and counteract hhemful effects of toxic compounds in marine eagithaust
gases, it is necessary to know the emission vaifeese compounds from particular vessels, whighossible with
the knowledge of their movement parameters, coratén values of particular compounds for thesegraeters and
the atmospheric conditions.

The report presents conditions concerning the nimdebf noxious compounds emission in the Gulf o0&k
region.

1. Introduction

The emergence of regulations concerning the level taxic compounds emission
[1,2,3,4,5,6,7], made both engine manufacturers sdmpowners undertake actions aimed at its
reduction. Shipowners’ activity in this scope isgrcally enforced by the requirements of local
regulations concerning state coastal waters anig.pbinere is also the opinion that the MARPOL
regulations in force will cover not only newly-buéngines, but also those currently remaining in
operation.

These changes are expected to affect the procespenétion and ecologic supervision of
marine engines. Apart from technical modificatiohnoarine engines and the construction of
additional plants aimed at fulfilling the requiremt of toxicity standards for exhaust gases, this
will bring about the necessity of introducing nevetirods determining directly or indirectly the
toxic compounds emission level in exhaust gases [8]

The above circumstances make it necessary to fgeéhé effect of particular conditions of the
engine work on the emission level of toxic compaumnd exhaust gases. Whereas the effect of
constructional and operational factors on enginekwualexes is known and taken account of, their



effect on emission indexes for toxic compoundseiss|known, at least with respect to marine
engines. Such a state of things makes us undeatakaalysis of this effect.

The Gulf of Gdask area (Fig.1), similarly to sea ports or coastgions, is vulnerable to the
effect of noxious compounds in vessels’ exhausegasesides pollution coming from industrial
and power plants or vehicles. This concerns vedsdls in ports and in the roads. It should be
pointed out that in spite of the small number o$seds in relation to, e.g., city traffic vehicles,
emission values of noxious compounds from a mamggne are many times higher.

| » Granica VTS Zatoka Gdanska AD38
L] “
Limit of VTS Zafoka Gdanska

Fig.1. Chart of Gulf of Gdésk region with marked vessel traffic routes [9]

The problem of air pollution in ports and approache ports is insomuch important, as the
ports are in the area of large cities, and theiitéd area causes high concentration of vessels in
small space. Widely conceived operational cond#tidn not remain without significance, either.
The following can be counted among the latter: rttethod of engine utilization, frequency and
abruptness of non-stationary states, transitioradgsses characterised by higher emission of toxic
compounds than when sailing in open areas withtaoh®ngine load, and the correctness and
frequency of starting the engine. Of course, thectty of exhaust gases is no less affected by
operational materials applied, that is kinds of aurel oil.

2. The effect of vessel movement resistance andexial conditions on the engine’s load

The amount of noxious compounds emitted in the @sthgases of a marine engine depends on
values describing the condition of the engine’skydike torque M, rotational speed n, thermal
state of the engine J, technical state of the engifparameters of charge exchange system, state
of TPC system, technical state and correctnessjeftion apparatus), conditions of surroundings
G (e.g. temperature of surroundings, pressurdjuiridity) and changing resistance of the vessel
O (vessel resistance in shallow waters, vessdteggie during movement in a canal, air resistance
and wave effect). It can thus be written down tihat emission of the*hnoxious compound in
exhaust gases, ewill have the following form:

e=f (Mo, n, J,Z,G,0) (1)



The intensity of emission E being a function ofdimy(t) from a particular source in relation to

time t can be written down as follows:

dm, (t)
dt

E@®= @)

where m— mass of a given noxious compound.

Road emission [10] is defined as emission derieatdeing a function of the road(s) from a
source like a vessel, in relation to road s covéreter

_dm(s)

b,
ds

3)

On the basis of equation 3 it can be written dowat emission on road S will be equal to
S
m,(S)= [ b, E)ds (4)
0

andintime T

m,(T) = } b, (t)v(t)dt ()

where v(t) vessel speed.

Road emission can be written down as the functiohaklue courses describing the combustion
engine work state i.e. of torque,Motational speed n and the vectors describinghteenal state
of the enginel(t), conditions of the surroundingXt) and the changing vessel resistaroé3

by =1 [ Mo(t), n(®), I(), G(1),0(1)] (6)

wherel] — operator transforming torque, rotational speedi the vectors of the engine’s thermal
state, movement resistance and conditions of thewulings into average road emission from a
vessel.

The power necessary for sailing on vessel with@dpgean be presented by means of equation:
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where:

V — volume of the vessel’s underwater parf]jm

L - vessel length on the waterline [m],

Vs —vessel speed [w],

x —coefficient dependent on the number of shaftsntakinto account the effect of protruding
parts,

A —length correction factor calculated from tbariulaA = 0.7 + 0.3 L/100,

Y - fineness ratio of the hull:

B
=°5
v L



B - vessel width [m],
d - block coefficient of the hull,
C, — pressure resistance coefficient.

It should be remembered at the same time that empwer P is also affected by conditions of
the surroundings different from exemplary ones,clvhs why it is necessary to correct the power
value given by the engine manufacturer [11]. Inghse of a four-stroke engine effective power P
equals [12]:

ePIPedk—0.7(1 k) (N ™ — 1)] (8)
where:

P. — effective power for real external conditiok8],

Peo — effective power for normal external conditioRS\],

Nm — mechanical efficiency of the engine,

k — coefficient taking into account a changexiéenal conditions

-l
Po ~ a¢o Pso Tl Tcl

Po, P — barometric pressure of air sucked in, immad and measurement conditions [hPa],

Psoy Ps — Vapour pressure in air sucked in, in normalmedsurement conditions [hPa],

do, ¢ — relative humidity of the air in conditions dsoae [%0],

To, T — air temperature in conditions as above [K],

Teo Tc— cooling water temperature at the inlet of thegesaharging air cooler in  conditions as
above [K].

Coefficienta , index exponentsn,nand q depend on engine type and are given in the standard

[12].

where:

The effects of external conditions on the vesspt@pulsion system and its functional
interrelations have been presented in Fig. 2 [13].
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Fig.2. Effect of external conditions on the vessptopulsion system [13]



The setting of injection pump h and load torque fd imput values to the main engine. Pitch
coefficient H/D, rotational speed n and forward esp&/, are input values to the screw. Screw
torque M, increased by friction moment on the shafting (g and gears) Mputs the engine
under load. Effective pressure of the screw P=J({-+ suction coefficient) causes the hull to
move and in stationary states determines its speddhe forward speed of the screvy depends
on hull speed ¥V(1-w) (w — wake fraction). Disturbances; £hange the hull's resistance
characteristic, of suction coefficient t and wakaction w, and therefore also of the screw’s
forward speed and engine load. Disturbanceafféct the system’s work by changing the engine
characteristic. They result from the change of terature, pressure and relative humidity of the
surrounding air, changed calorific value of fuedahe engine’s technical condition. Thus, the
course of the working process depends on conttellablues like the setting of injection pump
and screw pitch (in the case of adjustable screav&) a number of uncontrollable values,
described as external conditions or disturbangeand 2. Disturbances ¢(draft, trim, state of
hull surface, state of the sea, wind speed andtthre under-keel clearance etc.) do not effect a
change in the engine’s characteristic, but thegtthnge the nature of its load.

It follows from this that with current methods adrarolling propulsion systems it is practically
impossible to accurately program and determinestiggne’s working point in real conditions, also
when doing research on the toxicity of exhaust gjase

3. Possibilities of predicting work conditions of marine engines

Information identifying the vessel and determinlmgy movement parameters can be obtained
from VTS system (Vessel Traffic Service), whichyades the operator with data in the following
categories [14]:

a) hydrometeorological situation in the region,

b) status of navigational marking,

c) vessel positions, movement and intentions,

d) contact with the rescue centre,

e) possible other data indispensable for maintainingeo and traffic safety in the

responsibility area.

As can be seen, information categories mentiongabgitions a) and c) are directly useful for
estimating the effect of vessel traffic on air pathn with noxious compounds from exhaust gases.
The information can be supplemented with informafimm an independent identification system
- AIS. Information from these systems is combinedMaritime Safety Information Exchange
System (SWIE), which makes it possible to filter it accordirgriumerous parameters (e.g. the
vessel's name and data). The system has its nardsdemerits. Its biggest demerit (from the
point of view of the present writers’ needs) is tiexessity of gathering information of positional
character, correlated in time, weather conditiond #he vessel's type, engine and load, and the
necessity of taking into consideration the loaditaje, speed and weather conditions. In work [14]
at least partial elimination of these faults isgegted, as the system of automatic identification o
ships (AIS) can be used more widely.

AIS system is a system of data transmission byoragives. The data can be divided into three
categories:

1) constant information,

2) information on travel,

3) variable information.

The first two categories are of alphanumeric chtaraand are entered by the installer or
operator. Variable information is taken from navigaal apparatus cooperating with AIS.
Information transmitted by AIS can be divided irgatic (MMSI number, name and call sign,
IMO number, length and width, type, location of emma in relation to hull geometry) and



dynamic, determined in the normal course by extedesices (vessel position and its accuracy
index, UTC time of position determination, trackgenover the bottom, speed over the bottom,
ship’s course, navigational status, angular vejosihen making a turn). A separate group of
information is constituted by information pertaigito travel (vessel’s draft, dangerous cargo, port
of destination and ETA, voyage plan).
It follows from the description of AIS system furmts that it is viable to make use of the

system data for determining models of vessel mowermed the attendant models of emission of
noxious compounds contained in exhaust gases.

4. Possibilities of modelling noxious compounds ession from main engine exhaust gases in
the region of the Gulf of Gdaisk

On the majority of vessels the changes in valuesngine load take place in accordance with
the screw characteristic. The real screw charatief power of a main engine cooperating with
a propulsion screw with given geometiy/D = const) in particular external conditions of the
vessel’'s movemerfivVZ = const)s described by the dependence

R=ko- n" [W] 9)
where:

m~3 for displacement hulls,
m = 1.8 + 2.2 for half-slide hulls,
m = 1.6 + 1.8 for slide hulls.

Relative screw characteristic of power for disptaeat hulls, averaged for normal operational
conditions, is described by the polynomial:

« P-0.015 + 0.28%.- 0.794n.% + 1.523n.° (10)
where:

Pe = I:)e/Pe(n)
n. =n/m

For each marine engine of the main propulsionsifpossible to determine the screw
characteristics of concentrations or emission ofi@dar noxious compounds in exhaust gases.
Within the framework of research conducted at thavadll Academy at Gdynia there were
determined toxicity characteristics and quality mlsd describing concentration values of
particular compounds as function of the engine&es15]

Fig. 3 presents the screw characteristic of touekthe concentrations of nitrogen oxides
in the exhaust gases of Sulzer engine type 6AL2042d4 an equation describing the value of
nitrogen oxide€noxconcentration as function of the engine’s speed.

Determining this type of characteristics for eglarnumber of engines of the same type or
kind would permit, after suitable statistic treatyehe preparation of universal characteristia$ an
models for a given group of engines.

At present, due to lack of universal models, itp@ssible to determine approximate
emission on the basis of average emission for fcpkar kind of engine. The value of such
emission can be calculated on the basis of equsation

i Pe-éinr [0/(kKWh)]  or @ay=Be:t-énr [Kg/pal (11)



where:

en — emission value of thé"rcompound,

P — effective power for real external conditions [KW

Be — fuel consumption per hour [t/h],

t — mean time of the vessel’s stay in the researobgion [h],

r — coefficient taking into account the effect ofegxal conditions on additional resistance (vessel

resistance in shallow waters, air resistance, wased resistance),

&n —value of average emission of th& compound for the kind of engine (based on MAN-B&W

and Wartsila catalogues):

medium-speed engines:

énox =13.8 g/(kWh) or 59 kg/ta
éco— 1.8 g/(kWh) or 8 kg/gal
énc — 0.6 g/(kWh or 2.7 Kg/ta
écoz— 3250 kghta

slow-speed engines:

énox — 18 g/(kWh) or 84 kg/ta
éco— 2 g/(kwh) or 9 kg/pal

énc — 0.6 g/(kWh) or 2.5 kg/a
écoz— 3150 kghta

5. Conclusions
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Fig. 3. Screw characteristic of torque and nitrogeade concentration
in the exhaust gases of Sulzer type 6AL20/24 engin

With known value of the vessel’'s speed, and the typd characteristic of the engine, it is
possible to determine engine power, and conseguentialculate unit emission of particular
noxious compounds in the exhaust gases of marigieen

Determining this type of characteristics for a &argumber of engines of the same type or
kind would permit, after suitable statistic treatrpe the preparation of universal
characteristics and models for a given group ofressy

Among parameters disturbing the accurate determomabf emission of particular
compounds (due to lack of information or their alpeability) there can be counted the effect



of surface roughness of the hull (unevenness dfglates and their joints, unevenness of
paint layers, and unevenness caused by hull corr@sid overgrowing), technical condition
of the engine, fuel apparatus in particular, anthospheric conditions (especially wind
direction and force).

4. In case of lack of the above data, it is possibleetermine the approximate emission of
noxious compounds on the basis of average emissioes.
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