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RHEOLOGICAL ASPECTS OF MARINE FUEL TREATMENT ONBOARD

Rheological properties of industrial fuel oil weemalyzed. Temperature conditions of fuel oil
treatment onboard were analyzed. The link betwdsen nicrostructure of fuel environment and the
quality of injection was found. The impact of afliging electric field is tested for the improvemehthe
combustion into real ship’s power plant.

Keywords: Ship’s power plant, fuel treatment, industrial Ifueil, rheological properties,
alternating electric field.

Ship’s heavy fuel oils, as a complex compound afous oil fractions, which have special physical
properties. Disperse systems are stabilized aninieid by supplement of additives as known, cossisdt
dispersing liquid — distillate fractions — lightdiuoil (30%) and dispersing medium — oil distillation residua
fraction (70% or more). Assuming that both phases of dispersionrce retain their physical properties,
moreover two-phase mixture has relatively “fluidirpand conditionally “amorphous”. Accordingly, poovide
enough fine dispersion of “amorphous” (i.e. thedyephase) and a satisfactory stability of the mmftit was
possible to believe that there are only achievedisred viscosity of the fuel by heating and fsiebuld be
ready to use.

On the principles of the physical behavior of thixtore were founded all the processes employed from
treatment and filtration to activate processes. &l@mx, the study of shear stress for petroleum ptsdshowed
thixotropic of mixture [1]. That why raised the gtien of studying liquid crystal structure at thedium [2].

The rheological model proposed at the Odessa Ndtibtaritime Academy in the initial stage of the
research process fuel processing was confirmed ibsostopic analysis [3]. There was a microscopialysis
of both distillate and high-viscosity marine fueledto polarization method at 280x-400x increasé¢hatcase in
the fuel founded the variety of bulk and surfacéedes in the structure, as a proofed characteridtitquid
crystals.

So we can see in Figure 1 proved liquid crystalirr@dtric defect, named ring disclination. The diniems
of the defect is 20-40 microns. The abundance f#atie observed in the fuel is produced new quesifonhat
proportion of the total volume occupied by liquidystal structures? Moreover, the comparative amalgé
defects in light and heavy marine fuels didn't shemy significant difference in the quantitativetdizution of
defects in the media. This means that the distohubf liquid crystals, in both light and heavy Fugls to be
assessed at the same order.
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Fig.1 — Micrographs of fuel environment (MDO at theft side with temperature 20° C,
— marine heavy fuel oil IFO-360 at the right withmperature 52 °C)

In order to make more thoroughly assess of the@rggructures distribution effect of thermal exgiamn
of the fuel is investigated in this study. This eggrh was based on the following assumptions. mtensity of
defects distribution in samples during performingnwscopic analysis, at the media we have majaftya
structured environment. Also, known position, whiekplained crystalline structures unlike ideal d&iiand
metal cause thermal expansion is the accumulafidefects (discontinuities) for summing up the rexadrgy.
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The investigation has been an assumption thatdhes\of the thermal expansiaV (volume increase)
in the temperature range from zero to the abseoértgerature T is equal of the total defects voluBased on
the assumptions that at T = 0 K structure has tfiectie as well as the dependence of the temperitlirear,
were prepared according to the relative increméthe volumeAV against T for a wide range of oil densities,
are shown in Fig. 2. Based on the MAN-B&W recomnetimhs, fuel is allowed to engine suction only when
the kinematic viscosity handled of at least 15(@&a of acceptable temperature range for diffeftezis is well
known at the recommended charts “temperature-vig€ptine of constant maximum viscosity for difient
fuels (line passing through the points correspapdtinsome marine fuels MDO, IFO-30, 60, 180, 3&0 &t the
maximum allowable viscosity in Figure 2) has bebtamed on the standard marine fuels 1ISO 8217 lzasisa
number of high-quality fuels certificates.

Accordingly, the allowable viscosity at fuel supmlycuit for different fuels is fully consistent thi the
same level of "destroying” structures. In other dgorfor any marine fuel with 15 cSt viscosity cepends to
the same volume fraction of defects — 20021Also attracted interest result of calculating thcremental
volume for distillate fuels (density is about 0,886) at the end of the boil 630 K increments dfiage up to
40-43%. This means that for taking the result assimbe destruction of the structure, during thedtipn, we
should have half destroyed lattice of structureel,fif take into consideration that the coefficieitthermal
expansion at temperatures close to the boilingpidinear, so the amount of destroyed structureg beaeven
large.These results confirm the predominance stradchroughout the volume of any marine fuels. Heavgit
would be wrong to assume that all amount of theg@nsupplied to the medium during heating will go the
destruction processes of the crystal. Input enésggonverted into: increasing the energy of theratibnal
motion of the molecule about its equilibrium pamitj changing the energy of the intramolecular roat
performing of electrons skipping to singular orlsita
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Fig. 2 — Diagram of the volume fraction dependenfcéV defects of temperature for various petroleumdgtlaracterized
by a density (markers show the corresponding points for someénmaduels at the maximum allowable viscosity)

These intramolecular processes are coupled; formistyuctural defect is only a particular outconfie o
these processes. The kinetic theory of dispersgitk is a detailed study of quantum mechanicghistarticle
estimating of the deformation structures energys@aghrough Frenkel's holes theory. For estimatenaéro
energy parameters of a simple zero-dimensionalcti€ée hole, vacancy) applies calculating of thavatibn
energy (loosening).

For one molecule using next equatiBr 41or?, whereo — surface tensiorm, — average radius of the

molecule. For petroleum products at 20 °G,=30-40mN/m, in view of r=10°m, and receive

E= 44kJ/ mole? C for one mole of a substance.

For determine the proportion of the total heat gnexQ is converted to the activation energi at
heating oil to 10 °C more, assume tid/ E is equal to the coefficient of thermal expansiBo.received next

E =0.000€E = 26.EkJ/ molé? ¢ Molar heat capacity of heavy fuel oil molecule at average medium
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molecule’s molar mass ne&00gr/mole for t <1000° C is corresponded tt.2 kJ/ mole® C, in this case the

portion of activation energy is 292.

At this point a number of alternative methods ohamcing the impact of the activation energy are
developed and implemented without significant dostease in the internal energy, as it did in saripkating.
There are homogenization, dispersion, activatioagmetic treatment, etc. Moreover, the present asithelieve
that traditional processes of filtration and separmaare also increased number of defects in mediowever,
all of these effects have a significant drawbabk: @éxistence of defects generated by them toolghort

Taking into account that the crystal structuresupgcthe main volume of the fuel media, its necessar
determine their effect on the spray result fromfired injector nozzle. Defects in the structurewghan Figure
1, to allow make conclusion that fracture processethe crystal by Griffith’'s guideline for crackrawth,
suggests the further destruction of the crystal #nmeddevelopment of inner heterogeneity, provideth the
shear stress index

r=F |2
a2Vl
wherea and| — linear dimensions of heterogeneiBy— the force of interaction between the elementthef

crystal lattice. Thus, the voltage shifts providsdthe fuel atomization nozzles continue duringdtion started
defective structural failure.

Our previous transactions of injection [4] are pded an opportunity to assess the diameter of the
particles resulting from fuel spray pattern. Intfafor example, for nozzles with a hole diam. 0.&rrwith
working injection pressure of 32 MPa distributiohtbe number sputtered particles with the same melwas
shown in Fig. 3.

0,3

A
/

. "\

Y. _

I AN

. <]

10 100 1000 d;, gm

Fig. 3 — Dependence of the fuel oil globules qugntith the same size as a resulting
of spray through nozzles holes with 0.3 mm diameter

As can be seen from the graph, the distributiordiameter in the range of 20 to 100 microns quite
correspond with the linear size of defects, definiheir as a primary basis for the further destoucof the
structure. In that way, it can be argued that thstrdiction of the crystal structures during thedtipn is due to
further break on the existing defects in the fuelcture. The formation and size of the particlesrfed as a
result of fuel injection into the combustion chambee directly related to the amount and the lirdiarensions
of the available prior to injection of defects hetcrystal structure of the fuel.

This conclusion emphasizes the role of the enegggmpeter as the activation energy discussed abBave.
you know, in today's traditional approach to flurechanics processes of preparation of fuel injactithe
energy balance reduces to the Bernoulli equatian.a@count for the peculiarities of the crystal stoves
behavior this balance should be supplemented hyadicin energy, so the energy balance equationowith
losses can be written as follow:

m_2v2 +mgh+ PV + E = const,

wherem —massy — velocity; V — volume of fuel in a streang;— acceleration of gravityh — height;P — static
pressure. Here by, the researching results areeshtivat the use of high-viscosity fuels is necgsgarconsider
the rheological properties of fuels to ensure oatirmjection conditions. There is an important tdof

optimizing the rheology of fuel usage onboard, wichild be next impact of such practices for mod=ses of
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fuel environment, such as ultrasound and electfiells. The authors suggest that these effectsicpificantly
alter the rheology foundations of fuel environment.

At this item, to evaluate the possibility of seeviperformance changing of fuel applied alternating
electric field. This investigation were performed the power plant basis of M/T "Natali" (IM8 8915794)
under Murmansk Shipping Company management. Foiintipact on IFO-380 marine fuel was used device
proposed by the Institute of Transportation Prolslérased on Russian Academy of Sciences [5]. Asudt ref
the fuel processing were obtained changing theosisc characteristics in compliance with the tenapare
changing. Kinematic viscosity of the medium at tipeerating temperature range (115 ... 128 °C) waredsed
to 0.5-1.0 cSt. Also observed changes of fuel perémce figures. The temperature of exhaust gaseheon
internal-combustion engine was reduced, as wetthange the color of gases from black to blue-gtalpw
running mode. According to preliminary estimateslfaconomy was 6%. Also when impact of alternating
electric field had place we would be observed aabsing of fuel kinematic viscosity from 12 to 13tcThis
suggests that the impact of the proposed mecharisractivated rheological changing of combustiendvior.

Key findings:

1. Microscopic analysis of heavy fuel oils shows thesgnce of a structural defect which are formed
in the fuel as a result of fuel treatment and Imggati

2. Absorption heat fuel is a direct consequence oflgmhaccumulation of defects in the crystal lattice
i.e. its gradual degradation.

3. Liquid-crystal structures action for the rheologipaoperties of the fuel disperse system can be
considered decisive.

4. In the energy balance of the hydro-mechanical frtedtment processes are advisable to take into
account the activation energy of the fuel tempeeatit which our measurements reaches abou2e8 the
internal energy in the operating temperature range.

5. The impact of alternating electric field are chah¢fee rheology behavior of heavy marine fuel and
can achieve more efficient combustion processarfalr-stroke internal-combustion engine.
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Paguenxo O.I1., MankeBu4 A.P., XaumamenoB C.A., Tye C.B. PeoJioriuti acnekTu miaroroBku najupa
Ha cyaHi

AHaJI3YyIOTBCS PEOJIOTIYHI BIACTHBOCTI CYJHOBHX BHCOKOB SI3KMX IallUB 1 TeMIIEpaTypHi YMOBH
MiATOTOBKH TajMBa B CYTHOBI CHJIOBI YCTAaHOBII. 3a3HAYEHO B3a€EMO3B’ 30K MPO MEX 00 €KTaMHM TAIUBHOI
cepely, 110 € MOJIEKYJSIPHUMHU CTPYKTYPaMH, Ta SKICTIO pO3nuiy najiuBa. [[iro 3MiHHOTO €JIeKTPUYHOTO MOJIS Ha
CYZIHOBE BHCOKOB' SI3KE MAJIMBO MPOTECTOBAHE B YMOBaX peasibHOI CyJHOBOI €HEPreTHYHOT YCTAHOBKH.

KuarouoBi cioBa: CcyqHOBa CHIIOBA YCTaHOBKA, MIATOTOBKA IalliBa, BHCOKOB'SI3KE CYIHOBE MAJHBO,
PCOJIOTIYHY BIACTHBOCTI, 3MiHHE CICKTPUYHE IOJIE.

Paguenxko O.I1., MaukeBuu A.P., XanmamenoB C.A., TyeB C.B. Peosioruueckue acnekTbl NMOAOTOBKHU
TONJIMBA HA Cy/JAHE

AHanu3upyroTCs PeOJOTHUYECKHE CBOMCTBA CYIOBBIX BBHICOKOBS3KUX TOIUIMB M TEMIIEPATYPHBIE YCIOBHS
TOTUIMBOTIONTOTOBKM B CYJIOBOW  DHEPreTHYECKOH  ycTaHOBKe. [IpOBOAWTCS  B3aMMOCBS3b  MEXKIY
CTPYKTYPUPOBAHHBIMU OOBEKTAMH TOIUTMBHOW Cpelbl M KAaueCTBOM paclblia TOIUIMBA. BozaelcTBre
TIEPEeMEHHBIX OJJEKTPUUECKUX TI0JIeH Ha CYJO0BO€ BBICOKOBS3KOE TOIUIMBO ONMPOOOBAHO B  YCIOBHAX
JIEUCTBYIONIEH Cy/IOBOM SHEPTreTUYECKOW YCTAHOBKH.

KuiroueBble c10Ba: Cy/oBasi dHEpreTHUECKas YCTaHOBKA, TOTUITMBOIIOATOTOBKA, CYIOBBIE BBICOKOBSI3KHE
TOTUINBA, PEOJIOTHUECKHUE CBOMCTBA, MEPEMEHHBIE SJICKTPUIECKUE TOJIS.
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