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INVESTIGATION OF THE DROPLET DISPERSION INFLUENCE
ON THE ATOMIZATION OF LIQUID FUEL PROCESSES
IN VIEW OF LARGE-SCALE STRUCTURES FORMATION

This paper is devoted to an important research from the point of view of modern combustion physics
of the problem of numerical modeling of spraying, ignition and combustion of liquid fuel at different
values of the initial radius of the droplets. The need for a detailed study of the physicochemical processes
taking place in the combustion of liquid fuels is determined by the increased requirements for the
efficiency of various technical devices, the accuracy of the prediction of ignition, the burning rate and is
because of modern environmental requirements for environmental protection. The efficiency of various
technical devices, in particular internal combustion engines, is largely based on the results of a
fundamental study of the processes of physics and combustion chemistry. Purpose of the work is to use
methods of mathematical modeling, investigate the process of atomization, ignition and combustion of
liquid fuel droplets at various initial radii, in the presence of turbulence, chemical transformations, and
determine the optimal parameters for liquid fuel combustion. Computer simulation of the spray and
combustion of liquid fuel injection was carried out using differential equations describing turbulent flow
in the presence of chemical reactions.

The theoretical significance of the research is that the fundamental results, which are got in this
work, can be applied in the combustion's construction theory to achieve a deeper understanding of
complex physical and chemical phenomena, something in the combustion chambers. The practical
significance of computational experiments is that the results obtained can be used in the design of various
technical devices using combustion, which would solve simultaneously the problem of process
optimization, increasing the efficiency of fuel combustion and minimizing emissions of harmful
substances.

Key words: atomization, combustion chamber, liquid fuel, numerical simulation, high turbulence,
harmful emissions.
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MCC/\EAOB&HMQ BAUSAAHUA AUCNTIEPCHOCTU KarneAb Ha MNMpoLeccbl pacrnbiAa
XKMUAKOIo TONMAMUBA C y4eTOM 06pa3OBaHMﬂ KpYI'IHOMaCLI_ITaﬁHbIX CTPYKTYp

AaHHas cTaTbs MOCBSLLEHA WMCCAEAOBAHMIO MPOOAEMbl YUCAEHHOTO MOAEAMPOBAHMS PACTIbIAQ,
BOCMAAMEHEHMS M TOPEeHMS XKMAKOTO TOMAMBA MPU PAa3AMYHBIX 3HAYEHMSIX HAYAAbHOIO PaAMycCa KareAb,
KOTOpasi ABASETCS HaMbBOAEEe BaXKHOWM C TOUKM 3peHIsi COBPeMeHHOM h13nKu ropeHuns. Heo6xoAMMocCTb
AOCTOBEPHOIO M3YUeHWs (DU3MKO-XUMMYECKMX MPOLECCOB, MPOUCXOASLLMX MPU CKUIAHUM SKUAKMX
TOMAMB, OMNPEAEASETCS MPEAEAbHO BbICOKMMM TpeboBaHMsIMM K 3(HEKTUBHOCTM  Pa3AMYUHBIX
TEXHMYECKMX YCTPOWCTB, TOYHOCTM MPOrHO3MPOBaAHMS BOCMAAMEHEHUS, CKOPOCTW TOpPEHUs W
06YCAOBAEHA COBPEMEHHBIMM 3KOAOTMYECKMMM TPeOOBaHMSIMM MO OXPaHE OKPY>KAIOLEN CPeAbl.
SPPEKTUBHOCTb PA3AMYHBIX TEXHUUYECKMX YCTPOWCTB, B YaCTHOCTM ABMUraTeAer BHYTPEHHEro
CropaHus, B 3HAUMTEAbHOI CTeneHun 6as3vpyeTcs Ha pesyAbTaTax (PyHAAMEHTAAbHOrO MCCAEAOBAHUS
PU3MKM 1 XUMUUYECKOM KMHETUKU MpoLeccoB ropexusi. Lleabio paboTbl SBASIETCS MCCAEAOBaHMeE
MPOLECCOB PacCrblAQ, BOCMAAMEHEHUS M TOPEHUSl >KMAKOTO TOMAMBA MPU PA3AMUHBIX 3HAUYEHUSIX
Ha4YaAbHOrO PAaAMYCa KarneAb C yUeTOM TYPOYAEHTHOCTH 1 XUMMYECKMX peakLmii MOCPEACTBOM METOAOB
MaTemMaTyeCcKoro MOAEAMPOBAHWMS U OMpPEAEAeHMEe OMTMMAAbHBIX MapameTpoB FOPEHUs! XXMAKOTO
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TonAamBa. KomrmbloTepHOe MOAEAMpOBaHME pacrblAa M TFOPeHWs BMpbICKA >KMAKOTO TOMAMBA
BbIMNOAHSIAOCb C MCMOAb30BaHUEM AMMPDEPEHLMAABHBIX YPABHEHUI, OMUCHIBAIOWMX TypPOYAEHTHbIN
MOTOK NMPW HAAMUUM XMMUYECKNX peaKLMi.

TeopeTnueckast 3HAUMMOCTb WMCCAEAOBAHUS 3aKAIOYAeTCd B TOM, YTO yHAAMeHTaAbHble
pe3yAbTaTbl, MOAYUEHHbIE B 3TOM paboTe, MOryT ObITb NPUMEHEHbI B MOCTPOEHMM TEOPUM FTOPEHUS AAS
AOCTVKEHUSI BoAee TAYOOKOrO MOHMMAHMS  CAOXKHbBIX (DU3UUECKMX M XMMMYECKMX  SIBAEHWH,
MPOMCXOASILLMX B Kamepax cropanms. lNpakTnyeckas 3HaUMMOCTb BbIYMCAUTEAbHBIX 3KCMIEPUMEHTOB
3aKAIOYAETCS B TOM, YTO MOAYUYEHHble Pe3yAbTaTbl MOTYT GbiTb MCMOAb30BaHbl MPW MPOEKTUPOBAHUM
Pa3AMYUHBIX TEXHWUYECKMX YCTPOMCTB, MCMOAB3YIOLLMX CXKMUraHWe, KOTopble OAHOBPEMEHHO peLlaAn Obl
3aAQuy ONTUMM3AUMK MpoLiecca, NoBbilleHnst 3MEKTUBHOCTM CKMraHMsl TOMAMBA M MUHUMM3ALIMK
BbIGPOCOB BPEAHbBIX BELLECTB.

KAloueBble cAoBa: pacriblA, Kamepa CropaHms, >XKMAKOe TOMAMBO, YMCAEHHOE MOAEAMpOBaHue,
BblCOKasi TYpOYAEHTHOCTb, BpeAHble BbIOPOCHI.
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Ipi macwTa6ThI KYPbIALIMAAPADIH, TY3iAYiH eCKepreHAerl TaMLbIAAPADIH,
AMCIEPCTIAITiHiH, CyibIK, OTbIHAbI OYPKY MnpoleciHe acepiH 3epTTey

bepiareH Makaaa 3amaHayu >kaHy (M3MKaCbl TYPFbICbIHAH aAHaFYPAbIM MaHbI3AbI CaHaAATbIH
6acTankbl PAAMYCTbIH 8P TYPAI MBHAEPIHAETI CYWbIK, OTbIHHbIH, OYPKY, TYTaHy >K8HE >KaHyblH CaHABIK,
MOAEAbAeY MaceAeciHe apHaAaabl. CyrblK, OTbIHAAPAbI XafFy 0apbICbIHAQ OTETIH (PUMKA-XUMUSIABIK,
NnpouecTepAi CEHIMAI 3epTTey KaXXeTTIAIr TYPAI TEXHUKAABIK, KYPbIAFbIAAPABIH TUIMAIAITIHE TYTaHYAbI
60AXKAY ABAAIrHE, KaHY >KbIAAAMAbIFbIHA KOMbIAATbIH TaAANTaAPAbIH, >KOFAPbIAbIFbIMEH aHbIKTaAaAbI
JK&He KopllaFaH OpTaHbl KOpFay OoMblHLIA 3aMaHayM 3KOAOTMSIAbIK, TaAanTapra Herizaeseai. Typai
TEXHUKAABIK, KYPbIAFbIAQPAbBIH, OHbIH ilWiHAE iLUTEH KaHy KO3FaATKbIWTAPbIHbIH, TUIMAIAIT alnTapAblk-
Tal ASpeXKeAe >KaHy MPOLECiHIH, M3MKAChl MeH XUMMSAbIK, KMHETUKACbIH ipreAi 3epTTey HaTu-
xeAepiHe Herizpeaeai. XyMbICTbIH MakCaTbl — MaTEMATUKAAbIK, MOAEAbAEY BAICTEPI apKpbIAbl TypOy-
AEHTTIAIK MeH XMMMSIAbIK, peakLMSIAAPAbI eCKePreHAEri TaMLLbIAAPAbIH, 6acTankbl PaAMYCTapbiHbIH, 9P
TYPAI MBHAEpPIHAET CyMbIK OTbIHAbI OYPKY, TyTaHy >K&HE >KaHy MpOuecTepiH 3epTTey >KoHe CyWblK,
OTbIHHbIH, >KaHYbIHbIH TUIMAI MapameTpAepiH aHbikTay. CynblK, OTbIHHbIH OYPKYi MeH >KaHybiH
KOMMbIOTEPAIK MOAEAbAEY XMMMSABIK, peakumsiaap 6ap Kesaeri TYpOYyAeHTTi aFblHAblI CUMATTalTbIH
A depeHUMarAbIK, TEHAEYAEPAT KOAAQHA OTbIPbIN XYPri3iAAi.

3epTTeyAiH TEOPUSABbIK, KYHABIAbIFbI QTaAFaH XXYMbICTA KOA XKETKI3IAreH ipreAi HoTUXKEeAEepAi XaHy
KamepaAapblHAQ 6TETIH KYPAEAT (PM3MKAABIK, XKOHE XUMMUSABIK, KYObIAbICTAPABI TEPEH TYCIHY YLUiH >KaHy
TEOPUSCbIH KAAbINTACTbIPYAQ KOAAAHBIAATbIHABIFbIMEH aHbIKTaAaAbl. AAbIHFAH HOTUXKEAEPA] NMPOLLeCTi
OHTAMAQHADIPY, OTbIHAbI YKAFYAbIH TMIMAIAIFIH apTTbipy >KOHe 3USHAbI KAAAbIKTApAbIH MOALLepiH
a3anTy MiHAETIH BipMe3sriAAe WeLeTiH XaHyFa HerisAeAreH TYPAi TEXHMKAABIK, KYPbIAFbIAQPAbI X06a-
Aay 6apbiCbiHAQ MarMAAAAHY MYMKIHAIT ecenTeyill TaxipubeAepAiH MPaKTUKAAbIK, MaHbISAbIAbIFbIH
Ginaipeai.

Ty¥iin cesaep: 6YPKY, >KaHy Kamepachl, CyMbIK, OTbIH, CAHAbIK, MOAEAbAEY, XKOFapbl TYPOYAEHTTIAIK,
3USHADBI KaAABIKTap.

Introduction

Nuclear and thermonuclear energy in developed
countries is only 20% of the total energy produced,
and alternative and non-traditional energy is only
5% in the total volume of energy production
worldwide. The main volume of energy produced,
and this is over 70% of the generated energy, comes
from the use of traditional fossil fuels [1-3]. Natural
fuels of organic origin include peat, lignites,
bituminous and anthracite coals, oil and natural gas.
We often refer these fuels to as fossil fuels because
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they are the end products of the physicochemical
transformations of fossilized plant remains. Various
fossil fuels are used in the energy sector, but the
main ones are gaseous, refined petroleum products
and solid fuels.

Technologies for capturing and keep carbon
dioxide and methane emissions control at all stages
of the incremental cost of fossil energy. It can help
meet the enormous objectives of reducing CO,
emissions while fossil fuels are still part of the
energy system. These measures allow fossil fuels to
be part of the solution, rather than remain part of the
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problem. Sustainable economics assigns an
important role in energy systems to each technology.

Fossil fuels today account for 80% of global
primary electricity demand; the energy system supplies
about two-thirds of the world's CO, emissions [4]. The
emissions of methane and other transient air pollutants
are affecting the climate. It is believed to be seriously
underestimated; it is likely that the processes of
generation and consumption of electricity account for a
large share of emissions. Nowadays, a significant
proportion of biomass fuels are used for heating and
small-scale cooking in the world. These are extremely
inefficient and environmentally polluting processes;
they are harmful to indoor air quality in many less
developed countries. Using renewable biomass in this
way presents a challenge from a sustainable
development perspective.

If modern trends continue, the current share of
fossil fuels is maintained and the demand for electricity
nearly doubles by 2050. Emissions will far exceed the
carbon limit for a global warming limitation of 2
degrees Celsius. This level of emissions would have
catastrophic consequences for the planet. There are
several opportunities in the energy sector to reduce
emissions; the most significant among them are
reducing energy consumption and reducing the carbon
intensity of the energy industry by switching to other
types of fuels and controlling CO, emissions. The need
to reduce emissions does not prohibit the use of fossil
fuels, but requires a significant change in approach. It
does not combine the business as usual scenario with
the reduction of emissions in global energy systems.

Energy efficiency and renewable solutions are
often the only solutions. Climate goals in an energy
context need to achieve, but they are not enough. It is
impossible to uniformly use renewable fuels as a
substitute for fossil fuels today in the energy sector. It
is because of the distinct possibilities of different
energy subsectors to switch from fossil fuels to
renewable fuels. Alternative technologies that could
replace existing methods are not yet available at the
scale required, so current technologies are expected to
continue in the short to medium term. CO, emissions
are not the only fossil fuel issue that needs to be
addressed. 110 million tons of methane is emitted
annually into the atmosphere at all the stages of the
increment in the value of fossil sources. This is a
significant part of total methane emissions. Methane is
a powerful greenhouse gas, emissions must be
significantly reduced. An ongoing and critical
challenge is to ensure a better quality of life and
economic growth while reducing the energy sector's
impact on the environment. The transition to a
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sustainable energy system represents an opportunity to
improve energy efficiency all the way from source to
use, minimize environmental impact, reduce energy
and carbon intensity, and correct energy market gaps.
Seizing this opportunity will require a coordinated
review of strategies and reform across multiple sectors.

Figure 1 shows necessity of liquid and gaseous
fuel in any spheres all over the World [5].
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Figure 1 — Necessity of liquid and gaseous fuel
in any spheres all over the World [5]

The combustion speed is determined by such
process, which is the slowest. In the combustion's
situation of uniform homogeneous mixtures of fuel-
oxidant (air), this process is kinetics of chemical
reactions. However, in case of heterogeneous
mixtures, such processes are physical processes,
vaporization and the mixing. The model of the
combustion process of heterogeneous mixtures, in
which it assumed that there is a mutual interaction
of the phase gaseous and liquid and processes
controlling the combustion are the slowest
processes, was worked out.

Regarding liquid fuels, the slowest process is the
decomposition process of the liquid phase.
Combustion processes of liquid fuels are relative to
the boundary layer, which then is relative to the
speed and the character of the flow of the stream of
gases.

Flow can be laminar, transient or turbulent.
Speed of the stream of gases intensifies combustion
processes. The speed and the stream of gases
influence the thickness of the boundary layer.
Influence of pressure on combustion processes of
liquid fuels multiples, and is connected with the
influence of the speed of the stream of gases, and is
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depend on the fuel. Increase in pressure intensifies
combustion processes in phase gaseous, but
decreases intensity decomposition of the liquid
phase, which controls the combustion. Increase in
pressure causes decreasing of the distance to the
flame front from surface of the fuel, which increases
the heat stream delivered to surface of the fuel and
intensifies decomposition process (vaporization) of
the fuel [6-8].

Intensification decomposition process of the
fuel connected with pressure increase moves away
the flame front from surface of the fuel. In these
three situations, as a result, the opposed influence of
the pressure and decomposition of the liquid phase
can appear. Flame front can decrease distance,
increase distance or to stay in the same distance to
surface of the liquid fuel. Most previous models
concerning the combustion of liquid fuels assumed
that the fuel was homogeneous, the combustion has
a constant character, a temperature on border surface
of phases is boiling temperature of liquid. Influence
of the radiation, diffusion, changes of pressure,
changes of physical characteristics and chemical
fuel, air and exhaust gases were neglected. Two
situations: the combustion under conditions of the
lack of the convection and conditioned appearances
of the convection can be distinguished.

Mathematical model and methods

Breakup model

To describe the droplet breakup process in term
of the critical deformation of the oscillating droplet
is used for modeling this process in KIVA II code.
y=2e/rq1s the normalized radial droplet deformation,
where e-the extension of the droplet radius from its
equilibrium position, 7, is the droplet radius.

The time evolution of this quantity is described
by the force, damped linear harmonic oscillator [9,
10]:

0’y B 2p,U _ 8o
o' 3pr; pr

_OH dy
prg dt’

M

where the external forcing comes from the relative
motion of the drop, the restoring force is surface
tension and the damping force is the fluid dynamic
viscosity, u;. The solution for y(z) can be found
analytically, and breakup is modelled by assuming
that y=1 at the moment of breakup.

The Sauter Mean Radius (SMR) of the droplets
at the moment directly after breakup can be found
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from the conservation of droplet energy during
breakup [11, 12]:

S = b )
z+ r{djjj /80
3P .

where 7, is the radius of the parent droplet and
(dy/dt)w is the value of dy/dt at breakup, i.e. when
y=1. The TAB model produces a distribution of
droplet sizes after breakup, given by:

f(rd)=—exp(—3i) 3)

The results predicted by the TAB model for
modelling fuel sprays agree well with the
experimental results of [13-17]. This model,
however, over-predicts the rate of breakup and tends
to under-predict the droplet size close to the injector.
Tanner changed it to enable it to describe breakup at
larger Weber numbers, which is the dominating
mechanism in the primary breakup region of liquid
jets [18, 19].

The primary break-up of the jet column is then
related to the Kelvin-Helmholtz instability induced
by the relative velocity at the interface. Among the
many wavelengths, the one, which grows faster is
considered as the one responsible for the break up,
that is the more unstable one: the dimension of this
wavelength and its growing rate.

Regarding numerical implementation of the
models and to their competition, a substantial
difference lies because KH model, regarding RT
model and to TAB model, is not limited to a liquid
mass redistribution within each numerical particle,
but requires creation of new numerical particles
characterized by diameters, velocities, temperatures
directly governed by the generating particle. Figure
2 below shows the phenomena of instability in two-
phase flows and their interaction with each other.
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Figure 2 — KH-RT Interaction
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A general conservation equation which governs
the motion of a fluid in the Eulerian framework,
based on the concepts of divergence theorem and
Reynolds transport theorem, has been represented in
equation (4) [20-24]:

@=P+S+F. 4)
dt

In the equation above, a rate of change of
physical quantity (X) is balanced by the production
term P, supply term S and flux term F. Production
term can be referred to source or sink term. Supply
term S originates because of the body forces in the
flow like gravity etc. Lastly, the flux term F comes
into play because of the surface stresses on the fluid
body or from heat flux through surfaces.

Similarly, the conservation equations for a
specific physical quantity can easily be explained by
the equations of the motion of a fluid with density (
), velocity (u ), and internal energy (€ ).

The total mass conservation equation [25, 26]:

d _
_p = v(pl/l) = Smass 2 (5)
dt

S . 1s the change of mass density.

Momentum conservation equation for fluid
mixture [25, 26]:

PV (pii) = pg V.5 +Sys (O

S s the rate of momentum exchange with

spray per unit volume.
Energy conservation equation [25, 26]:

d
% +V.(piie) = -V.@+(Vi/ 1)+, . (7)
t

Here ¢ is the specific heat flux and can be
explained by the simple Fourier law of heat transfer.
The expression Vu : 7 represents the double inner
product of the gradient of u with Cauchy’s stress
The
interaction with spray will be defined later.

Cauchy stress tensor, used in the above
equations, is defined as:

source term S because of

tensor. energy
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T= —pf—,u[(Vﬁ+VﬁT)—§VﬁT]. (8)

Turbulence modelling

Statistic particles are injected one after another,
thus yielding the random geometry of the liquid
core; each particle trajectory ends after a length of
time determined by kinetic energy transfer from the
gas flow to the liquid.

The statistics of the core surface are used to get
the size and position characteristics of the drops
surrounding the core, sampled with the total mass
rate equal to the inflowing liquid mass rate. RANS
is used to simulating the gas flow and is conditioned
by the liquid core. Such a conditioned flow of gas
and subject to secondary atomization and
coalescence, both modeled by an inter-droplet
collision mechanism drags along the blobs formed
around the core) (Figure 3) [27].

Figure 3 — Two successive snapshots of the turbulent
atomization of a liquid diesel [27]

In this work, the model of combustion chamber
as a cylinder was used, whose height is 15 cm,
diameter 4 cm. General view of the combustion
chamber is shown in Figure 4.

The computational domain comprises 650 cells.
Fuel is injected using the nozzle, which is in the
bottom center of the combustion chamber. Area of
the nozzle is equal to 2* 10 cm”. Temperature of the
walls of the combustion chamber is 353 K. The
initial temperature of the gas in the combustion
chamber 900 K, the fuel is injected at 300 K. Initial
radius of the injected droplets 25 microns. Droplet
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injection angle is 10°. The pressure in the
combustion chamber is 80 bar, injection speed of
liquid fuel equal to 250 m/s.

e crrn

Figure 4 — General view of combustion chamber
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Results and Discussion

The computational experiment was performed,
with high turbulence at 100 bar for an octane with a
mass of 6 mg. The fuel was injected into the
combustion chamber for 1.6 ms at 350 m/s. The
droplet radius varied from 1 to 20 microns. Based on
the results of the performed experiments, the size
distributions of the liquid fuel droplets were
obtained. The figures are presented for the initial
drop radii of 1, 5, 10 and 20 microns. In all cases,
the octane droplets are concentrated in an area up to
0.2 cm along the chamber radius and up to 1.5 cm in
height.

The initial radius affects the subsequent
distribution of droplets in the combustion chamber
space: when injecting droplets with an initial radius
of 1 micron, droplets can reach over 3 microns in the
chamber, at 20 microns — 57 microns respectively
(Figure 5).
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Figure 5 — Octane droplet size distribution at different initial radii



Investigation of the droplet dispersion influence on the atomization of liquid fuel processes ...

81

Thus, the initial radius of the droplets affects the
subsequent size of the formed droplets 3 — 57
microns for octane and has no significant effect on
penetration of liquid particles into the combustion
chamber.

The distribution of droplets by temperature
when changing the initial radius of injected droplets
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showed that the temperature in the chamber during
octane combustion reaches a value of 547 K (Figure
6). The zone of intense evaporation for octane is
near 0.5-1 cm in the height of the combustion
chamber and 0.2 ¢cm in width. Thus, as the radius of
the droplets increases, their temperature increases
for octane.
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Figure 6 — Distributions of octane droplets by temperature at different initial radii

Analysis of Figure 7 shows the dependence of
the temperature plume height on the initial droplet
radius during octane combustion. The flare height
for octane at 1 pm reaches 7 cm over the height of
the combustion chamber.

Based on the results of computational
experiments, the temperature profiles during
combustion t=4 ms and at the moment of ignition
t=2.5 ms as a function of the initial radius of injected
fuel droplets at high turbulence were plotted.
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Figure 7 — Temperature distribution during fuel combustion (octane) over
the combustion chamber height depending on the initial radius of the droplets

The ignition time for octane was 2.5 ms (Figure
8). As the temperature profiles show, octane burns
with a small heat release, the temperature in the
chamber during octane combustion reaches a value
of 1728 K. However, comparing the data for 1 and

i
RA.em
¢) Rin=10 pm

20 microns, it can be seen that the maximum
temperature does not change much when burning
octane. The zone of intense combustion for octane is
in 1.5-3.5 cm in the height of the combustion
chamber.
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Figure 8 — Temperature profiles at the moment of octane ignition t=2.5 ms
depending on different initial droplet radii

82



Investigation of the droplet dispersion influence on the atomization of liquid fuel processes ...

83

The comparative analysis shows that the initial
droplet radius has no significant effect on the
processes of ignition and combustion of liquid fuel
in the combustion chamber.

The maximum concentration of the oxidizer in
the combustion chamber relative to the fuel is
0.1875 g/g for octane (Figure 9). However, it can be
seen from Figure 9 that, as the initial droplet radius
increases, the area of maximum oxygen
consumption increases.

As a result of computational experiments, the
obtained results were generalized and the optimal

R.om

a) Rin=1 pm

R, om

¢) Rin=10 pm

parameters of atomization, combustion, and processes
of liquid fuel under high turbulence were determined.

A graphical interpretation of the obtained results
was performed. The dependences of the liquid fuel
particle size and combustion temperature on the
initial radius of the injected fuel were plotted. We
completed optimization of liquid atomized fuel
combustion processes.

Analysis of Figure 10 shows that the particle
size grows rapidly as the initial radius of the injected
droplets increases. The maximum value is reached
at an initial radius of 20 pm.

b) Rin=5 pm

d) Rin=20 um

Figure 9 — Oxidizer profiles at the moment of octane ignition t=2.5 ms at different initial radii

The most efficient combustion of liquid fuel occurs
at an initial drop radius of 20 um, as shown in Figure 11,
at which the temperature in the chamber takes the

maximum value. For octane, the maximum temperature
is 1728 K. Thus, as the initial drop radius increases, the
combustion temperature of the liquid fuel increases.
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Figure 11 — Dependence of the combustion temperature of liquid fuel
on the initial radius of its injected droplets

Conclusion

Because of the computational experiment, we
found that, during high turbulence, the initial
radius has the maximum effect on liquid particles
of lighter molecular composition of fuels. With
heavier molecules, the effect of the initial radius
is insignificant. Combustion process of liquid
fuel proceeds most effectively at an initial
droplet radius of 20 pum, in which case the
temperature in the chamber takes the maximum
value for octane.

Obtained results are of fundamental and
practical importance and can be used for the
development of the theory of combustion of gas and
liquid fuels. Obtained new knowledge contributes
not only to increasing the level of scientific research
and achievement of the world level in the priority
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direction of science, but also has a great applied
value. This is due, first, to the fact that the
continuous growth of our knowledge about the
physical-mechanical and chemical properties of
matter causes the observed technological explosion
in the world. In this view, it is not unexpected that
the vast majority of modern technologies used in
almost all major industries are based on the principle
by using the mechanical, thermodynamic, electro
physical and other properties of gaseous, solid and
liquid fuels.
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