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Abstract. The article presents the experimental test reseftscting the impact of aviation fuel on duratyilof
the main components of the Common Rail Direct linpec(CRDI) system used in light-duty diesel vebgl The
two identical fuel injection systems operating witinbine type Jet-Al fuel and normal diesel fueteverepared
for the durability tests. The high-pressure fugdy pump is one of the most overloaded componeritse fuel
injection system. Durability of the injection systdargely depends on the lubricating propertiesliebel fuel.
The reduced durability of the fuel injection systemomponents, such as fuel supply pump and injecto
sometimes can be ascribed to a lack of the lulimigaquality of diesel fuel. Considering the relati poor
lubricating properties of the Jet-Al fuel one slkdotdmember that the main moving parts of the fystesn are
affected by friction while working under the mosifidult conditions in the diesel engine. Overaérfiprmance
of the fuel delivery system and the surface roughnaf the moving parts of the pump were evaluatatl a
measured before and after the laboratory testetiermine the Jet-Al fuel-made effects on durabdityhe high
pressure fuel pump. The tests were carried outeahigh injection pressure variable from 10 MPialtlo MPa
(load) during 300 hour durability tests. An opticaicroscope was used to measure the wear off @gfand
analyse the effect of the aviation fuel on the atefmicro structure of the studied parts. The Higdguency
Reciprocating Rig (HFRR) method was used to meath@&aesulting wear on the ball to evaluate theidity
properties of Jet-Al fuel. The values of the wezar sliameter (WSD) obtained with Jet-Al fuel weoenpared
to the respective values measured with the refereiesel fuel. The microscopic photographs of tleamscar
diameters obtained on the test balls for the alposetioned fuels are presented in the paper.
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Introduction

More efficient using of fossil (mineral) fuels arle increased interest in application of
alternative and renewable fuels for diesel engioweauing are currently of particular importance in
relation with the depletion of the world’s minefaél resources. The transport sector is one okdélye
aspects in the economic development of the loogibns and is directly dependent on the crude
import and export processes. The pollutant emissgamerated by the transport sector have a major
impact on the air quality and human health. Themaaently growing demand for the transportation
machines and the quantity of goods to be transpdniereases the volumes of combustion products
emitted from internal combustion engines that gellthe environment and promote the greenhouse
effect. The agriculture and transport sectors eanelgarded as the largest fossil fuel consumers and
therefore are the main contributors to the envirental pollution.

Diesel fuel is currently the most popular type amather motor fuels. Consumption of diesel
fuel has been growing steadily over the last twoades. Jet fuel is a special-purpose blended fuel
extracted during distillation of crude oil. Kerogedistilled from mineral oil or shale oil is the ma
component in many Jet fuels. The fuel Jet-Al isi@bt a kerosene type turbine aviation fuel used fo
powering of turbine engines in ground-aerial maekifi].

Specific properties of fuel, such as density, &ty calorific value, cetane number, freezing
point, etc. change when using renewable or altemétiels. The physical properties related features
affect the fuel delivery and injection charactecistand thus the quality of the combustible mixture
which in turn affects the performance and the egiold parameters of the diesel engine.

The experimental test results have demonstrateddtential operation of the diesel engine with
aviation turbine-type Jet A-1 fuel without signditt changes in the engine performance and
efficiency [2; 3]. However, the long-term impact tire fuel injection system components of Jet A-1
fuel having lower density, viscosity and poorerrlaiby properties compared to conventional diesel
fuel still remains unexplored to a greater exterdt #us requires specific experimental tests.

DOI: 10.2261€ERDev2019.18.N1Z 977




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2019.

Materials and methods

The experimental research was carried out in teedquipment testing laboratory of the Power
and Transport Machinery Engineering Institute a faculty of Agricultural Engineering of the
Vytautas Magnus University - Agricultural Academy.

The Common Rail injection system has been usedtHerexperimental tests. The principal
diagram of the test bench is shown in Fig. 1. Tleetdc delivery pump (2) mounted in the fuel tank
(1) supplied the fuel through the fine-porous filledr (3) to the high pressure pump (4).

The two Bosch-type CR/CP1S3/R65/10 high-pressuet fumps were connected by the same
belt driven in the same mode. Moreover, both fughps maintained the changeable pre-set pressure
values of 20, 40, 60, 80, 100, and 110 MPa depgndmthe on-going time of every 30 minutes.
Powered by an electric motor, the high-pressurepgsuoperated continuously to build up the needed
injection pressure, which was retained in the va@uoh the fuel accumulator (7). The pressure was
adjusted via a pressure regulator (5) connectetthéocontrol unit (8). The sensor installed in the
pressure accumulator transferred a signal to ther@aunit to evaluate the present fuel pressure.

Diesel fuel (DD) and aviation fuel (JET Al) havesheaised for the experimental research. During
the reliability tests of the fuel pumps the fuavfl was cooled, so that its temperature does natezkc
35°C.

Fig. 1.Scheme of testing standl — fuel tank; 2 — fuel supply pump; 3 — fueldilt4 — high-pressure pump;
5 — pressure control valve; 6 — rail-pressure serfse fuel rail; 8 — fuel pressure control unit

Analysis of the lubricating properties of the fuehs performed on the basis of the wear data
obtained by using the High Frequency Reciprocailitgg(HFFR) apparatus. Lubricity of the fuel was
determined on the basis of the wear traces fornmethe swinging ball due to the contact with the
stationary plate immersed into the tested fuel. fBlséing procedures were performed according to the
international standard ISO 12156 requirements [T&iring the lubricity tests the fuel temperature
was maintained to be of a constant value of ab68t@G The intensity of the balls’ surface wear
images was evaluated by using the Nikon Elipse MAdftical microscope.

Results and discussion

The primary purpose of the fuel-injection systentdssupply fuel to the cylinder of a diesel
engine. The fuel-injection pump builds up the fpeéssure needed for injection and then at the
required rate delivers the fuel to the engine H®je fuel delivery rates determined for the various
pressure values built up by both fuel pumps atwbey beginning (0 h) of the experiments are
illustrated by the columns in Fig. 2. As it candeen, the fuel delivery rate did not change greatty
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sustained at the constant level of about 1huntil the injection pressure reached the 60 MPa.
After then, the fuel delivery rate started to dase gradually with every next increase in the fuel
injection pressure due to insufficient power of éhectrical motor.
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Fig. 2. Dependency of fuel delivery rate on fuel injectiopressure built up by fuel pump
at the beginning (0 h) of reliability tests

Analysis of the obtained results shows (Fig. 3} thider the 300 hours of operation the fuel
delivery rate decreased by about 0.5-1.0°ramin both fuel pumps tested. Nevertheless, the wéar
the plunger-barrel units seems as being more iivems case of using a lighter aviation turbine Aet
1 fuel rather than normal diesel fuel. The relatilexrease in the fuel delivery rate was about 1 %
greater with aviation Jet A-1 fuel at the injectioressure of 50 MPa and, unfortunately, the resulti
decrease in the fuel delivery rate reached thé&®aiter the injection pressure was increased Ui o
MPa. It can be assumed from observation of theresilts that the wear intensity of the plunger-
barrel unit was somewhat greater in case of ush@\l fuel and, for this reason, the delivery rafte
Jet A-1 fuel was reasonably lower due the resuléaggage of the fuel. Nevertheless, the fuel dejive
rates were at the acceptable level for both fyektition pumps.
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Fig. 3.Dependency of fuel delivery rate on fuel injectiopressure built up by fuel pump
at the end (300 h) of reliability tests

The plunger-barrel unit is one of the most overeshdomponents of the fuel system [6]. It can be
assumed that this element is one of the mostdriesiensitive units operating in the heaviest foicti
conditions in the diesel engine and therefore it ba chosen to evaluate the effects done by the
relatively worse lubricating properties of Jet Atlel. The columns in Fig.4 show how the average
wear scar diameter (WSD) of the test ball changétn using normal diesel fuel, aviation Jet A-1
fuel and their respective blends. The test residtaonstrate that according to maximum decrease in
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the diameter of 0.6 mm the biggest scar wear weasrada, when using neat (100 %) aviation Jet A-1
fuel (Fig. 4). The minimum wear scar diameter &80mm was recorded with normal diesel fuel. At
the same time, the wear scar diameter was equab&mm, when running with diesel and Jet A-1
fuel blend JET 50 prepared in 50:50 proportions.

30 °C

0,7

WSD, mm

DD JET 25 JET S0 JET 75 JET

Fig. 4.Dependency of average wear scar caused by dieselfu
neat (100 %) aviation Jet A-1 fuel and their respdtve 25, 50, 75 (by volume) blends

The changing trends in the friction moment variaticoefficients determined by the HFRR
apparatus are illustrated by the diagrams presentéeig. 5). As it can be seen in the diagrams, th
friction moment was relatively lower and its vaigat coefficient was more stable, when using normal
diesel fuel. The friction coefficient of 0.1 wastaimed at the 8-9 minute after start of investigatbf
neat aviation fuel. After that the friction coeféiat decreased to 0.08-0.09 and sustained at aheut
same level during the remaining time of the tesie Towest friction coefficient of about 0.055 was
recorded after 30 minutes run (test) with diesel {&ig. 5).
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Fig. 5.Variation of friction coefficient for aviation fuel Jet A-1 and diesel fuel as function of time

Fig. 6 shows the images of the worn steel ballesigf

The obvious difference in the worn surface area lsarseen by comparing the friction pairs
lubricated with different fuels. The images showtthsing diesel fuel resulted in a relatively lower
worn surface area compared to that are causediatjosvJet A-1 fuel.
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Fig. 6.Images of worn out surfacesa) for diesel fuel; b) for aviation Jet A-1 fuel

Conclusions

1.

The capacity of a high-pressure CRDI fuel inpctpump decreased by 6.5 % after 300 hour
operation with Jet A-1 fuel at 110 MPa under clmseeal operating conditions.

2. Maximum averaged frictional moment was measudten using fuel Jet A-1, and the lowest
one, when using normal diesel fuel.

3. Maximum mean diameter of the wear scar was oéthbeing equal to 0.6 mm, when using neat
fuel Jet A-1, and the minimum value of 0.28 mm weeasured with diesel fuel.

4. The analysis of the data showed that the reguéirea of the ball surface wear was lower, when
using diesel fuel than that measured with aviafienA-1 fuel.
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