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AUTOMATISATION OF THE SHIP SYSTEM FOR EXHAUST GASES CLEANING

Abstract. The problem of exhaust gases cleaning while diesel engine works as a unit of ship power plant was con-
sidered. For the ship technological exhaust gases outlet line there has been offered to use automatic cleaning system.
By means of automatic switching on/off between purifying lines there could be achieved the discharge of spoiled water,
exhaust gases temperature control on the outlet line of the ship’s power plant and providing the answering to all legal
norms for burned products discharge to the environment. Structural scheme and algorithm have been developed for the
work of automatic control system. For automating process control of exhaust gases cleaning have been formulated a
list of software, devices and sensors.

Keywords: diesel engine, ship power plant, exhaust gases, gases discharge line, exhaust gases composition, impu-
rities, water cassette, cleaning production, structural scheme, controlling algorithm, automatic control, system software
SCADA, industrial protocol HART, temperature and flow-rate measuring units, diapason of the change in main pa-
rameters, control of temperature, flow- rate, impurity level, filtration level, leakage

M. B. N'onyoeB
ABTOMATHM3ALIUSI CYJOBOM CUCTEMbBI OYUCTKH JbIMOBBIX I'A30B

Annomauyusn. Paccmompena npobiema ouucmiu ObIMOBbIX 2a308 npu pabome OU3ENbHO2O0 08UAMENSL 8 COCMABe
€Y00601l IHepeemuyecKol ycmanosku. /s cy008oil MexXHON02UHecKOl TUHUU 0ME00a ObIMOBbIX 2a308 NPEONONCEHO
UCNONBL306AMb ABMOMAMUZUPOBAHHYIO CUCTEMY OYUCHKU. 34 cuem UCNONb308AHU ABMOMAMUYECKO20 NePeKIioueHUs
MeNCOY NUHUAMU OYUCHIKU OOCTULACMCS C80CBPEMEHHDBIU OMBOO 3ACPA3HEHHOU 800bl, YNPAGIeHUe MeMnepamypou
ObIMOBBIX 24306 HA BbIX00E U3 CYOOBOI IHEPLEMUUECKOU YCMAHOBKU U 0DecneyeHie mpebosanull no HOPMAMmMuGHbIM
8bI0pPOCAM NPOOYKMOG 20penusi 8 oKpydicarowyio cpedy. Paspabomanwl cmpykmypunas cxema u ancopumm pabomui
cucmemvl a8MOMAMUYEcKo20 ynpasnenus. /s asmomamusupoganHoco YAPAGieHUs NPOYecCoM OYUCTKU ObIMOBbIX
23308 npugedeH nepeuerb NPoePamMMHO20 obecneyers, 060py008aHuUs U OAMUUKOS.

Knrwouegvle cnosa: ousenvhulii 0gucamens, Cy008ds IHepeeMuyeckds yYCmaHnosKa, OblMosble 2a3bl, JUHUSL 0mMe00d
2a308, COCMAB ObIMOBBIX 24308, NPUMECU, 800SHASL KACCEeMA, NPOU3BOOUMETbHOCHb N0 OYUCIKe, CMPYKMYPHAS cXemd,
AneopumM ynpasnenus, agmomamuieckoe ynpasietue, npoepammuoe obecneuerue cucmemvl SCADA, npomvluinentbiil
npomoxkon HART, damuuxu memnepamypet u pacxooa, ouanazoH usmeHeHus: OCHOBHbIX Napamempos, KOHMpPOib mem-
nepamypbl, pacxood, CmeneHu 3aepsa3HeHUs, YPosHs PUIbMpayuu i Ymeuxu

M. B. IN'ory6eB
ABTOMATH3ALIS CYTHOBOI CHCTEMHY OUMCTKH JUMOBHUX T'A3IB

Anomauia Pozensanymo npobremy ouucmku OuMosux 2azie nio yac pobomu Ou3eibHo20 08U2yHa y CKAAOL CYOHO-
801 enepeemuynoi ycmanosku. /s cyOH080i mexHoN02iuHO NiHIT 8i0800y OUMOBUX 2A3i8 3ANPONOHOBAHO BUKOPUCTIOBY-
s6amu agmMoMAamu306aHy CUCEMY OYUCHKU. 3A6805KU BUKOPUCMAHHIO AGMOMAMUYHO20 NEPEMUKAHHS MINC TIHIAMU
OYUUeHHs 00CAAEMBCS CBOEUACHUL BI0800 3AOPYOHEHOT 800U, YNPABTIHHA MeMNepamypor OUMOSUX 2a3i6 Ha BUX00I 3
CYOHOB0I eHepeemuiHOl YCMAHO8KY | 3a0e3NeUeH s 8UMO2 WO0OO HOPMAMUBHUX GUKUOIE NPOOYKMIE 320PAHHSA 6 HABKO-
JUWHE cepedosuye. Po3pobiaeni cmpykmypHa cxema i aneopumm pooomu cucmemu agmomMamuino2o Kepyeauus. /i
aA8MOMaAMU308AHO20 YRPAGTIHHA NPOYECOM OHUUWEHHS OUMOBUX 2A316 HABEOEHO NepeiK NPOSPAMHO20 3a0e3NeyeHHs.,
0071a0HAHHA | OAMYUKIE

Knrouoei cnosa: ousenvrutl 08ucyH, CyOHO8A eHepeemudHa YCMaHosKa, OUMo8i 2asu, aiHisd 8i0800y 2asig, cKiao
OUMOBUX 2a316, OOMIWKY, 800AHA Kacemd, NPOOYKMUBHICIb OYUWEHHS, CMPYKIMYPHA CXeMd, aleOPUmM YAPAGLIHH,
asmomamuyte Kepyeanns, npoepamie s3adesneuerns cucmemu SCADA, npomucnosuii npomoxon HART, oamuuru mem-
nepamypu i gumpamu, Oiana3oH 3MIHU 3A2ATbHUX NAPAMEmMPI8, KOHMPOTb MEMNepamypu, umpamu, cmeneti 3a6pyo-
HeHH3l, pieHs (inbmpayii i 6umoxy

I. Introduction production;«Burmeister and Wain» (Denmark),

At present time, diesel engines in the ship MAN (Germany); «Doksford» (United King-
power plants most widely used because they are  dom); «Stork» (The Netherlands); «Geta-verken»
about 90 % of the world fleet. The world's (Sweden); «Fiat» (ltaly); «Pillstick» (France) [2-
leading producers of ship diesel power plants 3]. Diesels, produced by these manufactures differ
are: "Mitsubishi Heavy Industries Ltd.", (Japan) both in design and in performance parameters.

— 10 % of the world; "Wartsila Switzerland In the classification of diesel engines,
Ltd." (Switzerland) - 25% of the world depending on the speed of the piston they are
© Golubev M.V., 2013 differing as:
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— low-speed (speed of piston equals up to
7 mls);

— average speed (speed of piston differs
from7 to 10 m/s);

— high-speed (the speed of piston is more
than 10 m/s).

The performance of any diesel plant is
characterized by regimes of nominal, maximal
and minimal loading mode. To determine the
maneuvering capabilities of the ship are used an
additional regime of a minimally stable shaft
speed. In this mode of operation an energetic
resources of the vessel use about 3-4 % of
nominal capacity and about 30 % of the rated
speed of the diesel shaft [4]. As the operational
power of diesel engine is accepted average power
of diesel engine under the planned load and speed
of the vessel. For cargo ships, it is about 85-90 %
of rated power and for towing — 90-95 %. Exactly
the very power mode determines economic
performance of the vessel and gives ability to rate
fuel costs [2].

The principle of the diesel engine operation is
based on the use of the chemical energy of fuel
combustion process resulting in the flue gases
appearance. In this case, it can be stated, that
regardless on the diesel engine design and its main

performance indicators exist unsolved problem of
flue gases cleaning.

According to the requirements of regulating
documents a concentration of contaminants due to
the release to the environment must be determined
individually for each component [6-7]. The most
toxic compounds are oxides of nitrogen [5] and
their concentration in the exhaust gases depends
on the design of a diesel engine.

Permissible limits for emissions of the main
components of exhaust gases, which are produced
during operation of the ship’s diesel should be less
than: NO, — for low-speed diesel up to 20 g/kWeh,
medium-speed — 10 g/kWeh; NO - 75 g/kWeh, O,
— 12,3 g/kWeh; CO, — 5,6 g/kWeh, inert gases —
0,9 g/kWeh, H,O vapor — 6 g/kWeh; SO, — 12
g/kWeh; CO - 0,6 g/kWeh; CH — 0,4 g/kWsh,
carbon black — 0.05 g/kWeh [6]. During the work
of ship diesel harmless or neutral (CO,) substances
in the total amount are up to 99 % of the total
volume of exhaust gases. Others include oxides of
nitrogen (NOy), sulfur (SO,), carbon monoxide
(CO), hydrocarbons (C;H4) and particles (carbon
black, cinder) [1,7].

I1. Materials of research

Common functional scheme of the ship's

Pant

power plant is shown in  Fig. 1.
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Fig. 1. General functional scheme of the ship’s power plant
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Its analysis shows that at the exit from the
recycling boiler and heat distributor any
additional equipment for exhaust gases
treatment is not provided. This fact is very big
disadvantage and because of this reason during
investigation works there have been developed a
new technological scheme for exhaust gases
cleaning. It is shown in Fig. 2 and the principle
of its work had been based on the use of water
as a filtering material [5].

The exhaust gases from the discharge vent
channel 1 through two lines enter water
cassettes 4. Their flow-rate is controlled by
means of automatic non-return valves 3. Inside
the cassettes, by means of the directing rigid
plates 5 out-flowing exhaust gases obtain
complex movement and during the lifting up
process the particles of impurities contact with
water molecules, and then deposit on the plates
5. Fully cleaned exhaust gases through lines 6
pass the outlet non-return valves 7 and then are
emitted into the surrounding space. The quantity
of water in the filtering cassettes is under
constant monitoring. Its supply is carried out
with lines 8 usage and drainage respectively
goes at lines 10. These branches are equipped
with automatically controlled valves 9, 11.

To achieve maximal effectiveness of the
process of treatment and purification of exhaust
gases under the ship’s conditions there is
necessary to fulfill constant monitoring of a
number of important technological parameters.
To these parameters belongs:

— exhaust gases temperature at the enter and
the outlet of water filtration cassettes;

— the temperature of water
cassettes;

— partial and total flow-rate of exhaust
gases;

— water level in the filter cassettes;

— the degree of water contamination in the
filtering cassettes.

The numerical values of the stated
parameters determine the way and order to
manage the process of purification. To ensure
the operational continuity of the ship's systems
for treatment and purification of exhaust gases
technological scheme implies the use of primary
and reserve water cassettes. The degree of
contamination for main cassettes determines
automatically and then happens flow redirecting

in filter
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of the treated exhaust gases to reserve cassettes.
By means of such technical solution the
automatic control system for the process of
exhaust gases cleaning can significantly
improve the efficiency and reliability of the
operation of the ship's power plant.
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Fig. 2. Technological scheme for exhaust gas
cleaning:

1 — exhaust vent channel; 2 — line for partial
selection of exhaust gases; 3 — automatic non-
return valve; 4 — body of water cassette; 5 —
directing plates; 6 — line for cleaned gases
discharge; 7 — automatic non-return discharge
valve; 8 — water supply line; 9, 11 —
automatically controlled valves; 10 — waste
water discharge line

Ensuring of the stated above working
parameters can be achieved by means of use of
the most advanced methods for control and
technological process monitoring, control and
measuring equipment and actuators. They
should be used in combination with advanced
information industrial technologies. The most
fully to these requirements answers the equip-
ment of Emerson’s company. Technological
solutions of the company allow to create highly
reliable and high-effective systems for techno-
logical processes control in the wide range of
change for such parameters like: the tempe-
rature of the working process, the pressure in
hydraulic systems, the level of vibration. They
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also can operate at a high electrical and electro-
magnetic interference [8].

During its operation process control system
for exhaust gas cleaning automates fulfillment
of:

— exhaust gases temperature and flow-rate
controlling;

— control of temperature, the degree of
contamination and the level of filtering water;

— control of leakage in the exhaust system
of ship energy plant;

— management of the main and reserve
filtering cassettes;

— water supply and drainage to/from
filtration cassettes;

— display of all operating parameters of the
process in real time;

— system alarm mode indication.

Fig. 3 shows a developed structural scheme
of the system of automatic management for the
ship’s exhaust gas cleaning equipment.

To manage the process of exhaust gas
cleaning the system uses a PC with installed
software by SCADA system, allowing visua-
lization of management procedures, data of
sensors and status of the components [9]. The
check up of the system’s sensors provided by
means of industrial protocol HART [10].

It makes possible to provide reliability,
simplicity of setup and installation of the initial
and boundary parameters of the sensors. The
HART protocol also provides high interference
immunity needed under working conditions of
the ship. All system’s sensors have a built-in
HART-interface. To ensure the conversion of
information signals from sensors into digital
form suitable for processing on a PC have been

used HART-modem, connected to the network
of sensors with two-wire line and to the PC via
RS-232 interface. For sensors and PC combi-
ning in the single information network can be
used wireless technologies also [11].

The management of four filtration cassettes
(two working and two reserves) provided by
electromagnetic valves controller (EMK1-4) on
internal multiplexed bus. The governing infor-
mation goes to the controller from PC via wired
Ethernet network. Each filtration cassette is
controlled by three electromagnetic valves:
working one — for supply of exhaust gases,
inletting one — for water supply to the filter,
draining one — for filter cleaning in case of
water contamination level exceeding.

To monitor the changes in the main para-
meters of the exhaust gases cleaning process
were stated following ranges in the change of
key values:

— exhaust gas temperature at the entrance to
the system of  filtration cassettes:
t; = 120-600 ° C;

— temperature of the exhaust gases at the
exit from filtration cassettes: t, = 60 — 90 ° C.

Descending below the lowest value of
temperature t;  indicates on  possible
depressurization and leakage of exhaust gases in
the exhaust line of the ship's power plant.

The exit temperature t, is used as a control
parameter to identify the necessary quantity of
filtering cassettes working at the same time.
While its value is small it possible to include in
the processing circuit one cassette only, but
while the values are prolonged and high it
possible to introduce at the same time all four
cassettes.
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Fig. 3. Structural scheme of the automatic management system for the ship’s
exhaust gas cleaning equipment
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The values for permissible levels of exhaust
gases flow-rate, the volume of water in the
filters and its level of contamination are variable
parameters that depend on the degree of
technical condition of ship’s power plant. These
values must be determined individually for each
vessel during pre-commissioning works and
configuring of automation management system.

The developed algorithm for the work of
ship’s management system of the exhaust gases
cleaning process is shown in Fig. 4.
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Fig. 4. The scheme of the control system
work algorithm

The initial setup procedure includes
checking of the working ability of all units of
the governing system of management and
selection for water filters the working initial
conditions. The filter governing procedure is
described by a complex empirical dependence
function in the form: F=f(xt1,Qu,t,1;). This
dependence relationship uses the following
values: x; — state of the filtration cassettes
working valves (i = 1 .. 4); t; — exhaust gases
temperature at the entrance to the filtration
system; Q; - flow-rate of supplied to the
processing gases; t; — exhaust gases temperature
at the outlet of the filtration system; |; — water
level in the i-th filter.
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To correct the above stated dependence it is
recommended to conduct test trials under
specific exploitation conditions of the exhaust
gas cleaning system. The obtained values of the
parameters and factors can be stored in a
database of the SCADA management program
for further use in the vessel’s real operating
conditions.

The change in the technological contour
configuration, which includes primary and
reserve filters, can be done in the following
cases:

1. Exceeding of the permissible level of the
exhaust gases temperature at the exit of the
filtration system introducing additional
filtering contours from the reserve ones.

2. Excess of water temperature in the active
filter circuits — introducing additional filtering
contours from the reserve ones.

3. The excess of the allowable level of
contamination in the filtering water (from 20 %)
— there provides switching off and cleaning of
active filter by means of polluted water drainage
and clean water supplying to the level stated by
Sensor.

In case when during the work of all four
filtration circuits the system parameters go out
the stated limits the system switches to
emergency mode or manual mode.

The advantages of the described system for
exhaust gas cleaning in comparison with known
analogues [2—4] are full automation of cleaning
process and simplicity of construction. In
contrast to all known technologies it has no
mechanical filtering elements because the filter
is usual water. Reliability of the operation is
assured by approach never applied previously
on the automating of working process
parameters for performance management and
capacity regulation of the purifying plant.

I11. Conclusions

1. Regardless of the design of the diesel
engine and its key performance indicators there
still exist an unsolved problem of exhaust gases
cleaning.

2. As a solution of the exhaust gas cleaning
problem may be considered a new automated
technological scheme, the working principle of
which is based on the use of water filtration
cassettes.
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3. The offered variant of automated govern-
ing of the ship's exhaust gas cleaning process
concerns the usage of PC, the SCADA system
software, Industrial Protocol HART, primary
sensors  with integrated HART-interface,
HART-modem connected to PC via RS-232
interface, electromagnetic valves controller
governing via internal multiplexed bus.

4. For sensors and PC combination in a
single information network can be used two-
wire lines or wireless technologies.
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