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Abstract

In the paper causes of a container ship auxiliangiae turbocharger self damage during its servitsea have
been analyzed. The damaged turbocharger workingneiés have been presented. The direct reason of the
turbocharger damage was its explosion. The damagsecanalysis takes into consideration the podsitof stimuli
accumulation leading to the damage as well as dantagises overlapping and the influence of quafifyel feeding
the auxiliary engine. Eventually the turbochargeanthge has been attributed to fuel quality. Prokigbibf fuel
seeping into exhaust manifold and scavenge airivecalue to injector needle suspension as wellgastion and
combustible properties of fuel feeding the auxjliangine have been focused on. Injector testinglteachieved on
trial stand and fuel quality analysis carried out imeans of FIA-100/3 analyzer have been presented.
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1. Introduction

A turbocharger damage cause of a container vessebustible auxiliary engine during the
regular engine room service at sea has becomeutijecs of the following analysis. Before the
damage occurred growing whistle denoting the tumboger revolutionary speed increase
significantly exceeding the range of normal reviolnary speeds achieved during its service
(28 000-34 000 rpm), which was followed by explosioThe turbocharger suffered total
destruction which made the auxiliary engine furtlesmploitation impossible .There were no
casualties among the crew members. The engine twapesl and the place protected against
possible fire.

In Fig.1. basic turbocharger working componentsréfie explosion have been presented ( rest
of the compressor rotor, turbine rotor and the brokhaft) by means of marking their location in
the broken turbocharger. The turbocharger shafdyaded into two parts as a result of twisting.
Its crack occurred near the labyrinthine sealingh@nexhaust gas side.

In Fig. 2. main components condition seen fromttlbine side and the compressor side have
been presented (A - closing cover of exhaust gis B - parts of the turbine rotor wheel, C - the
gas inlet casing with rest of the nozzle ring abtoe side, D - parts of the compressor casing,
parts of the compressor wheel, F - the nozzlesingbmpressor side).



Fig. 1.Rest of the turbocharger working elementsrahe failure: a) — compressor rotor,
b) — turbine rotor, c) — propeller shaft, bearingsd labyrinth sealing

Exhaust gas side

Inlet air side

Fig. 2.Damage of working components on both sidéiseoturbocharger



The components inspection pointed out fuel accunioman the outlet installation. The turbine
casing was covered with a significant amount oboardeposit and asphalt (Fig. 3.).

Fig. 3. Carbon deposits / asphalts taken from tkieaest gas outlet casing

When analyzing the turbocharger failure causesdages were taken into consideration:
- -possibility of stimuli accumulation resulting ihg damage [5, 6, 7, 18, 21] as well as
damage
causes overlapping [9, 10, 12, 13, 16, 17];
- -influence of the quality of fuel feeding the augxil engine.

2.Fud ail quality and the damaged components of the engine

Physical-chemical fuel oil properties certainlylirhce correct and failure free working of
combustible engines [19, 20, 22]. Fuel oil compositmay influence faster wear of fuel injection
systems precise pairs as well as forming of sediraed carbon deposits on the components of
load exchange system and the engine combustiblespllost important characteristics of fuel
oils and its effects for diesel engine componerdgyasen in Tab. 1.

Combustion quality is an essential indicator fogiee fuel oils, however, so far there is no
common, standard method of combustion evaluatiore @f the calculated indexes defining the
property may beCalculated Carbon Aromaticity Indg)CCAI). In the case analyzed above value
of CCAlwas high. It is generally assumed thaC&Al value does not exceed 860 during regular
service the fuel possesses acceptable combustialigyg there may occur problems with right
engine exploitation for fuel oils CAI between 860-880, exploitation problems includingiee
damage within a short time shall be caused by duslof CCAl beyond 880. Apart fronCCAl
sometime<Calculated Ignition IndeXCll) is usedClIl gives values for residual fuels in the same
order as the cetane index for distillate fuels. idoevr, it should be pointed out t@CAI as well
asCll as indicators are calculated on the basis ofvisebsity and density according to formulas:

CCAI = [p,, -141foglog(v,, + 085) - 81, (1)

Cll =(270795+ 01038, ) — 2545650p,. + 23708oglog(v + 07), )

where:

p15— density at 15°C [kg/th
s — Viscosity at 50 °QcSt]
v — viscosity at temperatufie [cSt]



Tab. 1. Characteristics of engine fuel oils inflagg engine work and fuel systems

Quality criteria| Fuel oil characteristics Main affe
Combustion Conradson Carbon | Ignition ability.
quality Asphalteness Combustion condition.
Fouling of gas ways.
Impurity content Sulphur Corrosive wear.
Vanadium Formation of deposits on exhaust valves and turdiggehs.

Sodium High temperature corrosion.
Water Disturbance of combustion process.

Increased heat load of combustion chamber compsnent
Fouling of gas ways.
Mechanical wear and cavitation of fuel
injection system components.

Ash Mechanical and corrosive wear of combustion chamber
Catalyst fines components.
Formation of deposits.
Mechanical wear of fuel injection system, cylintiees
and piston rings.

Handling Viscosity Temperatures, pressures and capacities of fusysiéms
properties Density for storage, pumping and pre-treatment.

Pour point

Flash point Safety requirements.

These measures may be applied only for initial e@hbustible quality evaluation because the
indexes do not take into account the influencéuef chemical composition on the combustion
process. In the case abo@€Al was 850 which means that it ranged within the mecended
limits. Combustion process may be defined withuke of combustion analyzeBNV Petrolium
Serviceoffers combustion quality tests carried out with tise ofFIA-100/3analyzer [11]FIA —
100/3establishes the ignition quality of diesel endind oils based on an ignition delay measured
on an actually measured ignition delay. A fuel saimple that is injected into the combustion
chamber of1A-100/3 self ignites and burns as in real engine. StaMan Combustion process
is used in order to establish the ignition quatifya fuel oil tested as@lA CN (Cetane Number).
For heavy fuel oils the ignition properties areitglly ranging fromCN=18.7 to aboveCN=40.
Fuel ignition quality depends dAlA CN for different fuel oils is given in Tab. 2.

Tab. 2. Ignition quality of the fuel oil testeda&IA Cetane Number (FIA CN)
(Depends on engine type, engine condition and I{EH)

FIA Cetane Number Heavy Fuel Oil Marine Diesel Oil
<20to 25 Very bad ignition properties Unfit faseu
25<FIA CN <28 Bad ignition properties Very bad igoiti properties
28<FIA CN <35 Acceptable ignition properties Bad i properties
35< FIA CN <40 Good ignition properties Acceptableitgm properties
40< FIA CN <45 Very good ignition properties Good ion properties
FIA CN> 45 Very good ignition properties Very good ignitiproperties

The basis foiFIA CN is a reference curve for the instrument in quest&howing the ignition
properties for mixtures between the reference fu#ld and T22 from Phillips Petroleum
International On the basis of these data the mean value fatidgndelay, start of main
combustion, pressure tra¢dA CN andRate of Heat ReleagROHR) are established



After the turbocharger had broken down fuel comblestproperties were tested YNV
Petroleum Servicesor the case in question the fuel analysis resldtained with the use B1A—
100/3analyzer have been presented in Fig.4.
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6.2 Fuel Ignition & Combustion Results

B0 Lgnition Delay 9495 ms (dp = 0.2 bar above initial chamber pressure
B.2.2 Start of main combustion 148 ms (dp =3.0 bar above [nitial cham ber pressure
6.2.3 Max. ROHE positon 15.0 ms {Position refative to start of injection)

6.7.4 Max. ROHE level 1.4 Bar fms(Max, rate of combustion pressure increase)
6.2.5 Combustion Period 15.1 ms{iOHR positdve area)

£.2.6 FIA Cetane Number <<18.7
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Fig. 4. Combustion tests results carried out by FIA

Value of theCCAI being 850, thé-uel Ignition Analyzer testesults indicate a fuel with very
bad ignition qualityFIA CN<<18.7. Combustion properties of this fuel are vaogr, being below
the values of an average intermediate fuel oil.l Falls with poor combustion and ignition

properties are likely to contribute to high presspeaks and thermal overload of combustion
chamber.



3.Consolidation

The analysis of the described turbocharger damamgetspout that the main cause of its
explosion was leak and not burnt fuel oil accumadain exhaust manifold and/or scavenge air
receiver. The fuel may have leaked into the memtiospaces due to injection needle suspension,
which may have been caused by the adverse effestiddfim contained in the fuel. Then the fuel
ignition took place which caused blow-by of vastoamt of exhaust gases into the turbine and
eventually led to its damage. This cause, howeseems to be unlikely and it has not been
explicitly confirmed.

Another cause may have been poor ignition properied poor combustion quality of the
applied fuel. Generally fuel with higBCAI ignites very late after injecting it into the coastion
chamber and in extreme cases self ignition mayaka place at all. Then the not burnt fuel leaks
into the charging air spaces and exhaust manitold, after some time it burns leaving a thick
layer of coke. The coke as well as the fuel maysegamming of valve stems in guides which
helps fuel to enter the described spaces.

After testing the injectors of the engine in quastperformed on the trial stand the first cause
was eliminated. Exhaust valves were jammed on tylioder systems of the engine in question
and left in open position during the whole cycletlod engine work. This fact confirms the latter
mentioned causes. Presumably the series of eveadsy to serious damage [1,2,3,4] of auxiliary
engine components most probably took place duety poor combustible property of fuel which
was later confirmed by combustion quality tests.

In the discussed above case an engine room firaatithke place, which often happens in
such situations (e.g. 13.09.1999 on a Singaportac@r vesseX-Press Jaydhe fire broke out as
a result of main engine turbocharger explosion.[15]
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