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INVESTIGATION ON THE PROCESS OF INJECTION OF COMMERCIAL
GRADE AND BLENDED FUEL IN A DIESEL ENGINE

Purpose. A computational valuation of the parameters of the process of commercial grade and blended fuel flow in the injector
nozzle of a locomotive diesel engine, and its impact on spraying conditions in the combustion chamber.

Methodology. The scientific investigation is based on using the technique of a comparative numerical experiment. Modern
numerical methods in computational fluid dynamics are used for simulating fuel flow and spraying processes in the injector nozzle
and combustion chamber.

Findings. [t was found that when working with commercial grade fuel with maximum pressure in the area of the injector well
of 85 MPa, the fuel flow velocity in the fuel injection nozzle hole reaches 434 m/s, whereas when working with fuel blended with
alcohol the velocity decreases to 429 m/s (at a 25 % alcohol concentration). Due to the lower pressure of saturated vapours of the
blended fuel, as compared to that of commercial grade fuel, the fuel-air mixing conditions degrade at the operating duty being
investigated.

Originality. The investigation helped to study the impact of blended fuel composition on changes in the processes of its flow in
the injector nozzle, and on the injection into the combustion chamber and the fuel-air mixing conditions. The study results helped
to develop recommendations on ensuring effective ICE operation with blended fuel.

Practical value. A change in the conditions of blended fuel spraying and fuel-air mixing should be taken into account when
choosing effective fuel injection advance angles and fueling principles in order to ensure high ICE economic and ecological per-

formance.

Keywords: diesel engine, injector nozzle, fuel flow, cavitation, combustion chamber, environmental indicators

Introduction. Increased demands on the environmental in-
dicators of internal combustion engines, primarily diesel ones,
requires the use of a package of measures to improve their en-
vironmental and economic indicators [1—5]. The use of heavy
diesel fuels for diesel locomotive engines causes a high level of
toxicity of exhaust gases in combination with a significant mass
emission of solid particles [2, 4]. Because of their developed
surface, solid particles are known to be the carriers of carcino-
genic and mutagenic substances, which have an adverse im-
pact on the environment and human body [4].

The use of alcohol-containing mixed fuels makes it possi-
ble to partially replace fossil fuels and at the same time, after
adjusting the diesel engine management system and optimis-
ing the engine operating cycle parameters, reduce the mass
emission of solid particles with exhaust gases.

The presence of sulfur in a diesel fuel enables additional
lubrication of rubbing, loaded elements of the diesel engine
fuel equipment. However, in the process of diesel fuel combus-
tion, sulfur is involved in the formation of solid particles [6].
The addition of alcohol to diesel fuel also reduces the sulfur
content, but at the same time worsens the lubrication condi-
tions of rubbing surfaces. To ensure the reliable operation of a
diesel engine on alcohol-containing fuels, it is necessary to
add special additives that improve the lubricity of a mixed fuel
[7, 8].
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Literature review. Predicting and investigating the condi-
tions of occurrence of hydrodynamic cavitation in the fuel in-
jection equipment of modern diesel engines is an important
research-and-engineering task [8, 9].

The investigation and refinement of engine cycles in mod-
ern diesel engines requires the refinement of fuel injection
equipment. Changing the configuration of the combustion
chamber in the piston and the injection pressure, and reducing
the filminess fraction calls for additional research in processes
occurring in fuel injection equipment, primarily, in the injec-
tor nozzle.

Experimental research in the processes of fuel injection
and spraying enables assessing the impact of design and oper-
ating duty factors on these processes with high accuracy, but
such research is very resource-intensive [9, 10].

Coupling numerical and experimental research during en-
gine development yields acceptable results within a short time
and with minimum input requirements [10, 11].

As it is known, fuel flow in the injector nozzle holes at cer-
tain operating duties can cause hydrodynamic cavitation re-
sulting in excessive wear of nozzle holes with an adverse im-
pact on engine performance [11].

Hydrodynamic cavitation occurs due to a local pressure
drop lower than the pressure of fuel saturated vapours (due to
an increasing flow velocity) [12]. This involves fuel flashing
and the formation of cavitation bubbles. Following their nu-
cleation, the bubbles pass through growth, compression and
collapse stages. The compression of a cavitation bubble reduc-
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es its volume multiply and in very short time, followed by a
sharp pressure and temperature increase inside the bubble
[12]. The bubble collapse process liberates substantial energy
in the form of a micro spray, resulting in damage (cavitation
erosion) during the interaction of the micro spray with the in-
jector nozzle walls [11, 12].

Refining the procedure of numerical research in fuel injec-
tion and spraying processes, and evaluating the erosion wear of
nozzle holes under hydrodynamic cavitation impact is a prom-
ising research area.

The fuel injection intensity and spraying quality in a diesel
engine combustion chamber has a decisive impact on the con-
ditions of air-fuel mixture formation, combustion and creation
of harmful substances in an ICE cylinder [8].

A numerical simulation of the fuel flow processes in the
injector nozzle makes it possible to evaluate the influence of
structural and operating factors on the processes in the injec-
tor nozzle and nozzle holes [9], predict the conditions for the
occurrence of hydrodynamic cavitation and the associated
erosion of the surfaces of the injector nozzle needle and nozzle
holes [10]. During operation, such erosion affects the quality
of operating process management and the environmental indi-
cators of a diesel engine.

Numerical simulation of the process of atomizing fuel in
the combustion chamber enables investigating the conditions
of mixture formation and developing recommendations for
optimising the processes of pre-flame preparation of fuel in
the combustion chamber of a diesel engine [11].

Unsolved aspects of the problem. As clear from the results
of the literature review, the study on the processes of fuel in-
jection and atomization, improvement of methods for the nu-
merical simulation of these processes, and development of
recommendations for optimizing the processes of injection,
mixture formation, and combustion of fuel is an important
and crucial task.

Purpose. The purpose of this study is to calculate the pa-
rameters of the process of diesel fuel and mixed fuel flow in the
injector nozzle of a diesel locomotive engine and its effect on
the spray pattern in the combustion chamber.

To achieve this purpose, the study addressed the following
tasks:

- to conduct a literature review in modern methods of
computational research in the processes of fuel injection and
atomization;

- to form a data set with the thermal characteristics of a
mixed fuel, depending on the concentration of the alcohol
component;

- to conduct a computational study on the diesel fuel and
mixed fuel flow in the injector nozzle in the mode under inves-
tigation;

- to conduct a computational study on the process of at-
omizing the diesel fuel and mixed fuel in the combustion
chamber in the mode under investigation;

- to draw conclusions and make recommendations for im-
proving the conditions of mixture formation for the case when
the engine is running on mixed fuel and adjusting the diesel
engine management system.

The objects of the study are the processes of diesel fuel and
mixed fuel injection and atomization in the injector nozzle
and combustion chamber of the 16 ChIN26,/27 diesel locomo-
tive engine when operating in the Ne = 2940 kW rated power
mode with the crankshaft rotational speed of n = 1000 min~'.

The engine under investigation has a Hesselman-type
combustion chamber with implementation of the volumetric
mixture formation process. The injector nozzle is centrally lo-
cated in the combustion chamber, and has eight 0.42 mm di-
ameter holes.

The thermo-physical properties of the fuels considered in
this work are presented in Table 1 below.

As evident from Table 1, adding ethanol to diesel fuel
changes all the thermophysical properties of a mixed fuel.

Table 1
Thermo-physical properties of diesel fuel and mixed fuels

p M Cp n A Ps*

. <

Fuel 3 ~ " E
ElE| 2 &S| e
2 2 = = = M

Diesel 100 % 829 | 200 | 2051.53 | 2.77 | 0.116 | 179

E5-D 827 | 192.3 | 2019.95 | 2.58 | 0.156 | 17.3
E15-D 823 | 176.9 | 1956.8 | 2.26 | 0.235 | 16.1
E25-D 819 | 161.5 | 1893.65 | 1.96 | 0.314 | 14.9

Ethanol 100 % | 789 | 46.07 1420 1.2 091 | 595

*—at40°C

Thus, adding 25 % of ethanol decreases density p only by
1.2 %, dynamic viscosity n by 29 % and saturated vapours
pressure by 16 %. Adding 25 % of ethanol reduces heat capac-
ity Cp insignificantly by 8 %, though thermal conduction A
increases by 2.7 times. As expected, the molar mass M of the
mixed fuel also decreases by 19 %.

The advance angle of fuel injection to the top dead center
(TDC) is 20 degrees of crankshaft rotation and the fuel injec-
tion duration is 20 degrees of crankshaft rotation.

Methods. The geometry of a fragment of the injector noz-
zle with a needle, the computational domain and computa-
tional grid describing the configuration of the injector nozzle
of the 16 ChN 26/27 diesel engine are shown in Fig. 1.

The geometry of the injector nozzle with a needle (Fig. 1, a)
is formed for the case when the needle is fully lifted. In the fol-
lowing calculations, a computational domain (sector of 45 de-
grees) is used. The domain contains a volume describing the
annular gap between the needle and injector body, a nozzle
seat, and a section describing the nozzle holes (Fig. 1, b). The
computational grid contains 450 000 computational cells and
has a local concentration near solid walls — five layers of com-
putational cells with a minimum height of 0.01 mm to correctly
simulate the wall effects of the computational cells (Fig. 1, ¢).

Table 2 is a brief specification of diesel engine 16ChIN26,/27
considered in the paper.

This paper considers both diesel fuel and mixed fuel (with
added alcohol, and liquid and fuel vapours) as working fluids
[11]. In order to describe the turbulent flows in both the injec-
tor and combustion chamber, the k-epsilon turbulence model
isused [12].

The standard k-¢ model equations have the form

0 0 _ 0 ok
e )

J

+G, +G,—p-e=Y, +S,;

¥

a b c

Fig. 1. Configuration of a fragment of the injector nozzle of die-
sel engine 16ChIN26/27: nozzle geometry (a), computa-
tional domain (nozzle fragment) (b) and computational
grid (¢)
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Table 2
Brief specification of diesel engine 16ChIN26/27

No Parameter Value
1 Rated power, kW 2.940
2 | Rotational speed corresponding to rated power 1.000

conditions, min™'
3 | Cylinder diameter, mm 260
4 | Piston stroke, mm 270
5 | Rated power, KW 2.940

0 0 _
. +7 . . . =
at(p €) axl_(p €-U;)

2
O p P 6 56,46, -G -Cy pi s S,
ox; o, )OX; k k
where k is specific kinetic turbulent energy; ¢ is rate of vis-
cous dissipation of turbulent energy; p is gas density; p, is

turbulent dynamic viscosity; 4; is averaged velocity; o, is a
dimensionless empirical constant; G is turbulent kinetic en-
ergy formed by mean velocity gradients; G, is displacement
force kinetic energy; Cs,, C,, are constants; Y, is the contri-
bution of the variable expansion during compression turbu-
lence to the total dissipation rate; S is invariant of the strain
tensor.

In order to describe the process of the phase transition
from a liquid to a gaseous state, the hydrodynamic cavita-
tion model is used [12]. In order to describe the two-phase
flow process (fuel and vapours), the mixture model is used
[12].

Basic model equations

__pP-b
X (1/2-p-U%
where X is the cavitation number; p is reference pressure for
the flow; p, is vapour pressure for the liquid; p is liquid density;
Uis flow velocity.

The Rayleigh-Plesset model equation provides the basis
for the rate equation that controls vapour generation and con-
densation. The Rayleigh-Plesset equation describes the growth
of a gas bubble as

p,—D

pf'RB Pr

where Rj represents the bubble radius; p, is pressure in the
bubble (assumed to be the vapour pressure at the liquid tem-
perature); p is pressure in the liquid surrounding the bubble; p,
is liquid density; o is the surface tension coefficient between
the liquid and vapour.

The mixture model [12] is used for describing the two-
phase stream flow process (diesel fuel and vapours).

Basic model equations are

k)

d*R, 3 [dRB]2+ 2.c

+7. PR
Boa 2\ ar

Dy =Cp-poy- Ay |Uy U, |- (U -U,),

where D, is total drag exerted by phase  on phase o per unit
volume.
The mixture density p,g is given by
Pop =S Put S5 Pps

where f;,, f; are volume particles of phases o and f.
The interfacial area per unit volume A, is given as

_Jad
p =
daﬁ

where d, is a user-specified mixture length scale.

The fuel injection process is simulated for the nominal
mode of engine operation with a maximum injection pressure
of 85 MPa and an injection rate of 1.4 g/cycle.

As the boundary conditions (Fig. 2), we used the fuel pres-
sure (Table 3) at the injector nozzle inlet (85 MPa), and at the
injector nozzle outlet, the conditions for efflux into the com-
bustion chamber (pressure and temperature in the combustion
chamber, which were described based on the simulation re-
sults of the operating cycle on diesel fuel [8]).

Results. The results of the numerical simulation of the
process of diesel fuel and mixed fuel flow in the injector nozzle
are shown in Figs. 3—6.

The results of calculation of the process of diesel fuel flow
in the injector nozzle are shown in Fig. 3.

The fuel pressure distribution pattern in the vertical plane
section is shown in Fig. 3, a. During fuel injection, in the place
where the nozzle hole is coupled with the nozzle seat, one can
observe a local pressure decrease to 0.01 MPa and a flow rate
increase up to 434 m/s (Fig. 3, b). At the same time, in this
domain, one can observe a phase transition from a liquid to a
gaseous state (hydrodynamic cavitation) (Fig. 3, ¢).

In moving away from the given domain, the vapour fuels
condense and the flow changes from a two-phase flow to a one-
phase one. These are the areas (with a sharp change in the ge-
ometry of the injector nozzle flow part) where cavitation erosion
loci appear later. They have an adverse impact on the effective-
ness of the fuel injection process and the engine cycle indicators,
and they degrade the diesel engine environmental performance.

The emergence of hydrodynamic cavitation is associated
with a sharp change in the flow characteristics and a local pres-
sure decrease below the saturated fuel vapour pressure. This
leads to an off-design increase in the length of fuel sprays, and
subsequently, at a certain operating time, to the erosive wear of
the injector nozzle holes with deterioration of the fuel injec-
tion rate and the degree of fuel atomization by the injector
nozzle in the combustion chamber.

The results of calculation of the mixed fuel (95 % of diesel
fuel and 5 % of alcohol) flow in the injector nozzle are pre-
sented in Fig. 4.

Inlet
Pressure,
Temperature

Wall
Temperature,
Roughness

Symmetry

/ Outlet
Pressure,

Temperature

Fig. 2. Schematic presentation for specifying the boundary con-
ditions to describe the fuel flow process in an injector nozzle

fragment
Table 3
Boundary conditions
Boundary Boundary type Value
Inlet Injection pressure, MPa 85
Fuel temperature, °C 90
Outlet Pressure in the combustion chamber, MPa 5

Temperature in the combustion chamber, °C 540

Wall Injector spray nozzle wall temperatures, °C 180

Wall roughness, mm 20
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Fig. 3. Results of numerical simulation of the diesel fuel flow

process in the injector nozzle flow path:

a — fuel pressure distribution; b — flow rate distribution; ¢ — va-

pour phase volume fraction distribution
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Fig. 4. Results of numerical simulation of the process of mixed
fuel (95 % of diesel fuel and 5 % of alcohol) flow in the

injector nozzle flow path):

a — fuel pressure distribution; b — flow rate distribution; ¢ — va-

pour phase volume fraction distribution
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Fig. 5. Results of numerical simulation of mixed fuel (85 % of diesel
fuel and 15% of alcohol) flow in the injector nozzle flow path):

a — fuel pressure distribution; b — flow rate distribution; ¢ — va-

pour phase volume fraction distribution
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Fig. 6. Results of numerical simulation of mixed fuel (75 % of diesel
fuel and 25 % of alcohol) flow in the injector nozzle flow path:

a — fuel pressure distribution; b — flow rate distribution; ¢ — va-

pour phase volume fraction distribution

{

c

The changing viscosity, density and pressure of saturated
mixed fuel vapours inevitably affect the flow process in the
flow part of the injector nozzle. With growing alcohol concen-
tration in the mixed fuel, this impact increases.

The fuel pressure distribution pattern in the vertical plane
section is shown in Fig. 4, a. During fuel injection, in the place
where the nozzle hole is coupled with the nozzle seat, one can
observe a local pressure decrease to 0.015 MPa and a flow rate
increase up to 433.2 m/s (Fig. 4, b). At the same time, in this
domain, one can observe a phase transition from the liquid
state to the gaseous state (hydrodynamic cavitation) (Fig. 4, ¢).
The lower saturated vapour pressure and mixed fuel viscosity
(Table 1) affect both the mixed fuel flow and the conditions for
the occurrence of hydrodynamic cavitation.

That is, for the variants of mixed fuels being considered the
cavitation number X will be greater, on the average, by 0.85—
3.5 % than that for standard (diesel) fuel. This reduces the
probability of occurrence of hydrodynamic cavitation in the
flow part of the fuel injector nozzle.

The results of calculation of mixed fuel (85 % of diesel fuel
and 15 % of alcohol) flow in the injector nozzle are presented
in Fig. 5.

The fuel pressure distribution pattern in the vertical plane
section is shown in Fig. 5, a. During fuel injection, in the place
where the nozzle hole is coupled with the injector nozzle seat,
one can observe a local pressure decrease to 0.012 MPa and a
flow rate increase up to 429.4 m/s (Fig. 5, b). At the same time,
in this domain, one can observe a phase transition from the
liquid state to the gaseous state (hydrodynamic cavitation)
(Fig. 5, ¢).

The results of calculation of mixed fuel (75 % of diesel fuel
and 25 % of alcohol) flow in the injector nozzle are presented
in Fig. 6.

The fuel pressure distribution pattern in the vertical plane
section is shown in Fig. 6, a. During fuel injection, in the place
where the nozzle hole is coupled with the injector nozzle seat,
one can observe a local pressure decrease to 0.011 MPa and a
flow rate increase up to 429.2 m/s (Fig. 6, b). At the same time,
in this domain, one can observe a phase transition from the
liquid state to the gaseous state (hydrodynamic cavitation)
(Fig. 6, ¢). At the same time, the lower vapour pressure of the
mixed fuel with an alcohol content of 25 % reduces the hydro-
dynamic cavitation intensity (Fig. 6, c¢).

Additional computational studies were conducted for all-
round investigation of the impact of the thermophysical prop-
erties of the fuel on the process of fuel spray spread in the com-
bustion chamber. To this end, numerical methods were used to
simulate the process of injection of standard and mixed fuels
into the combustion chamber.

Such studies enable to investigate the conditions of propa-
gation of the fuel spray within the combustion chamber vol-
ume, fuel spray blow off during its interaction with the air vor-
tex, the conditions of evaporation of fuel droplets, the pro-
cesses of preflame, and ignition and formation of toxic and
carcinogenic substances.

The study on the process of fuel injection into the model
combustion chamber (combustion chamber sector of 45°) is
shown in Fig. 7.

Fig. 7. Sector of combustion chamber in diesel engine
16ChN26/27: computational domain (a) and computa-
tional grid (b)
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To reduce the dimensionality of the problem being consid-
ered, a fragment (sector) of the combustion chamber was con-
sidered in the paper. Such an approach is common when in-
vestigating fuel injection processes and simulating processes in
diesel engines with a central-installed injector and a symmet-
rical combustion chamber in the piston.

The computational domain includes an injector nozzle
sector (45°) with one spray hole (Fig. 7, @) and a computa-
tional grid describing the configuration of the combustion
chamber sector (3.5 million design cells), Fig. 7, b).

To increase numerical simulation accuracy, the computa-
tional grid in the paper was adapted in the direction of propaga-
tion of the fuel spray in the combustion chamber, Fig. 7, b.
A computation domain fragment was selected, in which the sizes
of the computational meshes were reduced by a factor of five to
increase the accuracy of simulating complex phase transition
processes (fuel droplets evaporation) on the fuel spray top.

Identifying the core factors that influence the process of
fuel spray propagation in the combustion chamber and its dis-
integration (formation of droplets and their subsequent decay)
is practical for the case of injection into a static charge, espe-
cially when investigating mixed fuels with drastically differing
thermophysical properties.

In the paper, fuel injection was simulated for the rated
power mode with a maximum injection pressure of 85 MPa
into the static charge (without taking into account the move-
ment of air in the combustion chamber during engine opera-
tion).

The results of numerical simulation of the process of at-
omizing diesel fuel and mixed fuel in the combustion chamber
sector are presented in Figs. 8, 9.

Fig. 8 shows the fuel spray velocity distribution and the
fuel mass fraction distribution pattern in the combustion
chamber sector volume.

When diesel fuel is injected into the combustion chamber,
its maximum flow velocity reaches 457.2 m/s where the fuel jet
leaves the injector nozzle hole. As the fuel spray approaches
the combustion chamber walls, its velocity changes from 300
to 45 m/s (Fig. 8, a). During injection of the mixed fuel with a
5 % content of alcohol, the fuel jet maximum velocity reaches
455.9 m/s (Fig. 8, b). During injection of the mixed fuel with a
15 % content of alcohol, the fuel jet maximum velocity reaches
455 m/s (Fig. 8, ¢). During injection of the mixed fuel with a
25 % content of alcohol, the fuel jet maximum velocity reach-
es 449.6 m/s (Fig. 8, d). The fuel spray structure has a clearly
expressed zonal pattern: the fuel spray core, transition section,
and section of fine-dispersed droplets and fuel vapour can be
observed in it (Figs. 8, e—h).

The fuel dispersion distribution in the meridional plane of
the combustion chamber sector is shown in Fig. 9.

During diesel fuel atomizing, the maximum droplet size
reaches 90 microns and, on average, varies from 50 to 80 mi-
crons (Fig. 9, a). During the atomizing of mixed fuel with a
5 % content of alcohol (Fig. 9, b), the droplet size varies, on
average, from 35 to 75 microns. For a mixed fuel with a 15 %
(Fig. 9, ¢) and 25 % content of alcohol (Fig. 9, d), the maxi-
mum droplet size reaches 85 microns, and the average droplet
size varies from 30 to 70 microns.

The decreasing size of droplets with an increasing alcohol
concentration in the mixed fuel is attributed to a decreasing
viscosity, density and pressure of saturated vapours of the
mixed fuel (Table 1).

The decreasing size of fuel droplets increases the rate of
fuel evaporation and reduces the ignition delay period, making
the diesel engine process more controllable because fuel com-
bustion follows the fuel feed law.

Hence, numerical methods were used to study the pro-
cesses of injection and spraying of standard and mixed fuels for
the D80 diesel engine in a locomotive.

It was shown that changing the fuel thermophysical prop-
erties (primarily, viscosity and pressure of saturated vapours)
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Fig. 8. Distribution of the flow rate and mass fraction of diesel
fuel and mixed fuels during flow in the injector nozzle:

a, b — diesel fuel; ¢, d — 5 % alcohol content; e, f — 15 % alcohol
content; g, h — 25 % alcohol content

affects the conditions of possible occurrence of hydrodynamic
cavitation in the injector nozzle and the conditions of propa-
gation of the fuel spray in the combustion chamber.

The approach considered in the paper reveals the core fac-
tors that affect the fuel spraying conditions in the combustion
chamber when working with standard and mixed fuels. The
practical effect of the study consists in an in-depth analysis
and development of scientific and practical recommendations
for increasing the effectiveness of the process of injection and
spraying of standard and mixed fuels in a locomotive diesel en-
gine. Accounting for these factors in the future will help
choose efficient design and operating duty factors for fuel in-
jection equipment to ensure effective diesel engine perfor-
mance with standard and mixed fuels.

Conclusions. According to the results of the comparative
computational study, the following can be noted:

- based on the literature review, it was established that the
use of mixed fuels produced from renewable raw materials re-
duces both the level of consumption of fossil fuels and the
level of toxicity of diesel engine exhaust gases;

- increasing the concentration of alcohol in the mixed fuel
for diesel engines to over 15 % requires using additives that
compensate for reduced fuel lubricity;
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Fig. 9. Distribution of diesel fuel and mixed fuel dispersion dur-
ing atomization in the combustion chamber sector:

a — diesel fuel; b — 5 % content of alcohol; ¢ — 15 % content of
alcohol; d — 25 % content of alcohol

- changing the thermophysical properties of the mixed
fuel, primarily, reducing the saturated vapour pressure and the
fuel density and viscosity minimizes the factors that cause the
occurrence of hydrodynamic cavitation in the injector nozzle
(for the cavitation number X, the considered alcohol concen-
trations in the mixed fuel of 5 to 25 % increase X from 0.85 to
3.5%);

- using mixed fuel with a 15 % content of alcohol or more
increases the length of fuel sprays and affects the conditions of
mixture formation, requiring additional computational and
experimental studies to optimize the fuel supply process (espe-
cially for diesel locomotive engines with a volumetric method
of mixture formation);

- a joint study on the processes in both the injector and
combustion chamber during fuel injection facilitates a com-
prehensive study of these processes and the development of
recommendations for improving the conditions of pre-flame
preparation of both diesel and mixed fuels.
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JocaimKeHHs npouecy BIOPCKYBAHHS
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Merta. Po3paxyHKoBa oOlliHKa mapaMeTpiB MpoLecy Tedil
IITAaTHOTO ¥ CYMIIlICBOTO TTAaJIMB Yy PO3IMUIIOBadi (hOPCYHKHU
TEIJIOBO3HOTO NM3EJIbHOIO ABUTYHA Ta iX BIUIMB Ha YMOBU
PO3MWITIOBAHHS B KaMepi 3TOPSTHHS.

Meroauka. HaykoBe qoCTiIKeHHsI 3aCHOBaHEe Ha BUKO-
PUCTaHHI METOAMKU IOPiBHSUIBHOTO YMCEIBHOTO €KCITepH-
MeHTy. Cy4yacHi YMCebHI METOAM OOUYMCITIOBAIbHOI aepori-
JIPOAMHAMIKN BUKOPHUCTOBYIOTHCS U1 MOJAETIOBAHHS TIPO-
LIeCiB Teyii i pO3MUIIOBaHHS TajuBa B PO3MUIIOBadi (op-
CYHKM Ta KaMepi 3TOPSTHHS.

PesyabraT. BctaHOBEHO, 1110 TTPY pOOOTI Ha IITATHOMY
MMaJuBi 3 MAaKCUMaJIbHUM THUCKOM B O0JIACTi KOJIOISI3S pO3-
numoBaya 85 MIla mBUAKICTH Tedii MajuBa B COILIOBOMY
OTBOpi Hocsrae 434 M/c, a ipy poOOTi Ha TAJIMBI 3 TOJABaH-
HSM CIUPTY — 3HMXKYETbCS 10 429 M/c (1Sl KOHLUEHTpaLlii
25 % cniupty). Yepe3s Giblll HU3BKUI TUCK HACUYEHOT Mapu
CYMillIeBOTO MaJIMBA, Y MOPiBHSHHI 31 IITATHUM, YMOBU CyMi-
IIOYTBOPEHHS Ha JTOCTiIKYBAHOMY PEXUMI TTOTipIITYyIOThCS.

HaykoBa noBu3HA. [loCiiIKeHHS IO3BOJIMJIO BUBYUTHU
BIUIMB CKJIaly CyMillIEeBOTO MajJiMBa Ha 3MiHY MPOLIECIB 11 Teyil
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B PO3MILTIOBaYi (DOPCYHKM, YITOPCKYBAHHS B KAMEPY 3TOPSTH-
HSI Ta YMOBH CyMiloyTBopeHHs1. OTpuMaHi pe3yabTaTtu 10-
3BOJIMJIM C(DOPMYBATH peKOMEHallil i3 3a0e3neyeHHsT ehek-
TUBHOI pOOOTH IBUTYHIB BHYTPIillIHbOTO 3ropsiHHs ([IB3) Ha
cyMillleBOMY MaJIUBi.

IIpakTnyHa 3HaYMMicTh. 3MiHY YMOB PO3MUJIIOBaHHS
CYMIIlIeBOTO MajMBa i CyMilllOyTBOPEHHS Haaasli HeOOXi-
HO BpaxoBYBaTH IpU BUOOPi pallioHaJbHUX KYTiB BUTIEpEI-
>KEHH$ YIIOPCKYBaHHSA 1 3aKOHY MajuBoIoAayi s 3a6e3-
TMEeYEHHsI BUCOKUX €KOHOMIUHUX il €KOJIOTiYHUX MOKA3HU-
KiB JIB3.

KuouoBi ciioBa: duseavHuil deueyr, po3nunioeau GopcyHku,
meuisa naausa, Kagimauyis, Kamepa 320PsAHH:, eK0A02IUHI NOKA3-
HUKU

Uccaenosanue Mnpouecca BIPLICKA IITATHOIO
N CMECeBOro TOoIIMBA B IU3€JIbHOM JIBUraTe’ie
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enb. PacueTHast olleHKa mapaMeTpoB Ipoliecca Tede-
HUS IITaTHOTO M CMECEBOTO TOILJIMB B pacrbuinTesie OpCyH-
KU TEIJIOBO3HOTO AM3EJbHOIO ABUTATENSI U UX BIMSIHUSI Ha
YCJIOBUSI pacIbLIMBaHUS B KAMEpe CTOpaHUs.

Meromuka. HayuHoe ucciienoBaHne OCHOBAaHO Ha WC-
MOJb30BAHUM METOIUKU CPABHUTEIBLHOTO YHMCIEHHOTO JKC-

nepuMeHTa. CoOBpeMeHHbIE YMCIEHHBIE METOIbI BBIYMCIIM-
TEJIbHON ad3pOTUAPOAMHAMMUKY UCITONb3YIOTCS IS MOMIEIIH -
POBaHUSI TIPOLIECCOB TEUCHUS M pACIbIIMBaHUS TOTUIMBA B
pacnbluTese GOPCYHKU U KaMepe CropaHusl.

Pe3yabraThl. YCTaHOBJIEHO, UTO MPU padOTE HA IITATHOM
TOIJIMBE ¢ MaKCUMaJIbHBIM JIaBJIEHHEM B 00JaCTH KOJIOIIIa
pacnbutuTenst 85 MIla ckopocTh TeueHUs TOTUIMBA B COTLIO-
BOM OTBEpCTUHU nocTuraet 434 m/c, a nmpu paboTe Ha TOTLIMBE
¢ 1o0aBJIeHMEM CITUPTa — CHUKaeTcd 10 429 M/c (11 KOH-
ueHtpauuu 25 % cnupra). M3-3a Gosiee HU3KOTO AaBJICHUS
HACBIIIEHHBIX TTAPOB CMECEBOTO TOILJIMBA, TI0 CPABHEHUIO CO
LITAaTHBIM, YCJIOBUSI CMEeCeo0pa30BaHUs Ha UCCIEAYEMOM pe-
KUME YXYIIIAlTCs.

Hayunaa noBu3na. MccienoBaHue TMO3BOJMIO U3YUYUTh
BJIMSIHME COCTaBa CMECEBOIO TOIIMBA HAa M3MEHEHME TpO-
116CCOB €r0 TeUEHMS B paclbliuTesne (POPCYHKH, BIPHICKA B
KaMepy CropaHus 1 ycIoBUs cMeceobpazoBanus. [1oxydeH-
HbIE pe3yJIbTaThl MO3BOJIWIN CHOPMUPOBATH PEKOMEH AU
no obecrnieueHuto 3¢hGeKTUBHON padOTHI ABUTaTENel BHY-
TpeHHero cropanus (JIBC) Ha cmeceBOM ToILIMBeE.

IIpakTHyeckas 3HAYMMOCThb. VI3McHeHHMe ycloBUiA pac-
MbIJTMBaHUSI CMECEBOTO TOIIMBAa M CMeceoO0pa3oBaHMSI B
JaJbHEUIIIeM HeOOXOAMMO YIUTHIBATh MPU BBIOOpPE pallro-
HaJIbHBIX YTJIOB OTIEPEKEHMSI BITPhICKA U 3aKOHA TOTUIMBOIO-
Jayu Ul 00eCTieYeHUsT BBICOKMX SKOHOMMUECKUX U 3KOJI0-
ruyeckux nokasareieit JIBC.

KimoueBble cioBa: duzeavhblil Osueamens, pacnbvliumentd
@OpCYHKU, meyeHue Monausa, Kagumayus, Kamepa ceopanus,
JK0A0UYECKUE NOKA3amenl
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