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Inflammability evaluation of hydrocarbon fuels mixtures formed directly
in the combustion chamber

The proposed article involves an investigationhaf processes taking place during the preparatiomisied fuels that are combined
directly before combustion. The fuel dose formethi® way must take into account the qualitative goentitative composition of the
fuels and the amount of air in the process. Givext liquid fuels similar to gasoline (e.g. metharethanol, butanol) are characterized
by different properties, their comparison would tseful in order to use their ratio to influence tt@mbustion process. The process of
fuel preparation plays a decisive role in this issu

The article describes abilities of modelling thgation of various fuels simultaneously to the costion chamber for creating fuel
mixture directly before ignition. First part of thaticle consists of analysis of light hydrocarbiurels mixing abilities, supported with
present research data. Next part describes the atialu of execution of the assumed system — twarfjeetors with analysis of spray
penetration. The modelling of the injection andaspwas performed in the AVL FIRE 2014.2 environraentthe results were present-
ed. The injection possibility was proven by injegtine fuel to the combustion chamber model. Loakles of air-fuel ratio, density and
ambient pressure were presented to better understiamgotential in mixing fuels directly before itimh. The conclusion includes
description of fuel mixing abilities, influencewafrious fuels on creation of a stratified mixtumedadefinition of controllability of charge
ignition.
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1. Introduction

octane). Aromatic hydrocarbons contain 4 to 8% aoé&

Combustion processes are considered mainly in tefmsand around 4% xylene.

a mono-fuelled combustion. Processes of preparatiah
combustion of gasoline-like fuels are widely desed in
literature.

Dual-fuel mixtures are crated mostly in the earpeo-

The oxidizing additives used in gasoline increase¢-
tane number. The influence of additives on thereetaum-
ber is dependent on the fuel composition. Gasaknen-
riched with alcohols (R-O-H, where R is the HC gipand

cess (for example, a mixture of ethanol and gasotin ethers (R-O-R). Alcohols are mainly methanol (MeQH)
petrol and methanol [12,7]) and are burned most often inethanol (EtOH), isopropanol (IPA) and t-butanol @)B
stoichiometric conditions. The way of preparing fsucDue to the weak solubility of methanol in gasolinethe

a mixture causes it to have specific physico-chahjico- presence of water, it must be used together witih BB
perties (viscosity, surface tension and densitgalipdefine a co-solvent. Ethers used as additives include Inaine-
specific contents of different hydrocarbon groud®), 22]. thyl tert-butyl ether (MTBE), tert-amyl methyl ethe
In such a situation, sprays of drops with smalinbgene- (TAME) and ethyl tert-butyl ether (ETBE).

ous dimensions are obtained. Figure 1 shows adlypio- Use of previously proposed fuels to determine ttogpp
cess of fuel flow from the injector [2]. erties of the mixtures, requires knowledge of tipdiysico-

The air with high temperature is "incorporated'bitihe chemical properties. Physical properties of sucklsfu
fuel spray. The hot air causes fuel evaporatiom, am a should play an important role in the mixing proesss
result the length of the spray is reduced. After itiitiation The distillation curve of gasoline, taking into aoot
of combustion, a slight reduction of the spray takéace that gasoline is a mixture of different hydrocarbois
and then its length stabilizes before the end efitfection. shown against the background of basic fuels (Fig. 1
The diffusion flame is formed in the areas where thix-
ture reaches a value close to stoichiometric. Tdte ftam-
mable mixture zone is an area in which the fornmatd
particulate matter is initiated. This results irsignificant
concentration of soot in the diffusion flame of therned
fuel. The pre-flame zone (outer) is "responsiblef the
formation of nitrogen oxides [3].

Gasoline is a mixture of over 100 different hydmca
bons having different molecular structure and défe
boiling points. Most often the structure of gaseliconsists
of about 55% paraffins (single-bond C-C), around635
aromatic hydrocarbons (benzene rings) and a maximium
up to 20% olefins (double bond C=C). Paraffins coe-
plex components with low molar mass: these are r-.g.
butane, 2-methyl-pentane and 2,2,4-trimetyl-pentése-
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Fig. 1. Distillation curve of gasoline and otheelfu[1]
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Also the physico-chemical properties of all thelpsed
fuels are known. Although o-xylene, presented iguFe 2,
has a boiling point close to the last value of ibngilpoint
for gasoline, it was also qualified in the studyaastand-
alone fuel submitted to mixing. The coefficients teter-
mining fuel vapour pressure were presented e.d7psnd
they can be used in the equation [1]:

In(p) =A-BI/(T; + C) (1)

where A, B, and C are Antoine constants for punemo-
nents (e.g. water, methanol or ethanol) obtaineuxh fitera-
ture data.
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Fig. 2. Fuel vapours pressure

The exchange of mass between the surface of the
drop and the gaseous medium (air) occurs due teaular
and turbulent diffusion. The molecular diffusion ftise
spontaneous mixing of fuel and air particles agsult of
concentration gradient dc/dr, which excites thevflaf heat
and, induced by this, the flow of mass (thermotdiitn).
In case of creating a flammable mixture diffusi@used by
a gradient of concentration of components is ofciaiu
significance. Molecular diffusion, characterised thijfu-
sion coefficient (L), is of vital importance in case of the
lack of flow or laminar flow. In this case, mixingf the
components is caused by random movement of their pa
cles. In case of turbulent flow, the mass exchasgaore
intense due to the movements of particles in nouiralc-
tion. The turbulent diffusion coefficient (P has much
higher value than the |pcoefficient. During the diffusion
of vapour from the surface of the drop of fuel,reunded
by turbulent air jet, the surface layerconsists of the first
sub-layer, contacting the surface of the liquid] #me sec-
ond layer located on the outside of the first.He first sub-
layer a molecular diffusion takes place, and on dtteer
layer — it's mainly turbulent diffusion.

Many publications [e.g. 1, 20] claim that penetmatof
sprays chosen for testing fuels shows a similaalirscope.
This indicates similar physical properties of thasels. At
the same time, it should be noted that such siityilas
a positive feature, as it can alter the propeurfagnition of
mixtures without a significant change in parametdreheir
atomisation. These changes are visible only dusiggifi-
cant heating of fuels (above 373 K). Then the patiet of
pentane and ethanol is lower by about 10% [1].

The effect of flow turbulence can be characteribgd
the Reynolds number (Fig. 3):

Re =r -u-dim (2)

wherer — is densitym— kinematic viscosity of liquids, d —
diameter of the injector aperture, u — flow rate.

The lowest Reynolds number (at constant flow parame
ters) can be observed for butanol (laminar flohoat tem-
peratures of the fuel).
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Fig. 3. Reynolds number of selected fuels [1]

The fuels selected for analysis are characterized b
a Weber number above 50. With the increasing temper
ture, this value also increases: for o-xylene 28 and for
the remaining fuels much more (for iso-octane —)280
a temperature of about 453 K. These figures résuit the
f&gecificity of the adopted characteristic valuesjuiring
calculation of We number [1].

In publication [15] it was shown that the Weber num
bers for ethanol and gasoline are similar for figehpera-
tures ranging from 275-450 K. Further increaseheftem-
perature causes an increase of Weber number fanath
above 500 (in temperature of 500 K), while for pktt is
about 300 (temperature 500 K). This means thatigtt h
temperatures of the fuel the so-called catastrophéak-
down of ethanol drops occurs.

Ohnesorge number is convergent with the data con-
tained in the publications [4, 8] and amounts touls-10°
to 1.6-10% at the temperature of about 283 K, and decreases
to a value of about 6-Idfor temperature of 463 K.

Indication of these differences is a basis forabeclu-
sion that the created drops of fuel will also hahfferent
diameters, which will contribute to their diversifi evapo-
ration.

Combustion in dual-fuel systems of fuel mixturesatr
ed immediately before ignition makes it possibled&ier-
mine the combustion air factor, which will be tresultant
of the ratio of both fuels:

®3)

where: I3 and L, are stoichiometric air requirements for
combustion of fuel 1 and 2, m — is weight of fugspec-
tively 1 and 2, iy, — is the weight of air. The share of one
of the fuels can be calculated from the following:

(4)

Determination of inhomogeneity of the mixtures teea
immediately before combustion leads to the assassofe
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production of soot originating from the inhomogéeyesf 3. Research methodology

the charge in the process of mixing the air-fueirge. The The research was performed by means of computer aid
global index of uniformity is referred to as [18]: ed simulation using the AVL Fire 2014.2 softwarevien
_ ronment.
U =1-slsnn )]

The combustion chamber used in the research was mod
wheres determines the standard deviation of the fuel ma_ﬁed to comply with the assumed engine parameistsd
distribution, ands,  is defined as the standard deviation ofn the Table 1.

the completely inhomogeneous charge (fuel and air):
Table 1. Modeled engine technical data

— (6) Parameter Unit Value
Type - Piston engine, 4-stroke, spark ignition
However, the Uparameter is not fully representative of-SYinder number .
o o SR Displacement ch 385
th_e po_ss_|t_J|I|ty_of de_termmlng the distribution fokl Vapour =g moression ratio . 102
with division into rich and lean zones. Also thealysis Bore mm 83
associated with post-processing of the images fsoich | Stroke mm 71.2

a process is required. This index takes the maximaiue
equal to 1 for completely homogeneous mixturesislt The research consisted of performing the directifue
a good indicator of mixing fuels proposed for testshe jection events into the modeled combustion chamber
current research. through two separate injectors. The indicative vigiwthe
L injectors positioning in the combustion chambeprissent-
2. Motivation eél in Fig p4 g =

The process of combustion of liquid fuels (gasoline a6 combinations of fuels injected with sepaiate
ethanol, methanol, n-butanol and its mixtures)haracter- jectors were used:
ized by high variability of the thermodynamic cotimhis. gasoline from both injectors
The process of combustion of liquid fuels may baticw- gasoline and methanol '
ous or cyclical. In the first case there are siadil thermo- gasoline and iso-pentahe
dynamic cpndltlons, and n Fhe other case —_th“’“"."’“s The injectors were oriented so their axes formetba
are qhangmg. Due to significant changes in ComSt angle with the cylinder axis. Each simulation irtdd
conditions (temperature, pressure), the procegsepiaring  gjngje injections of constant mass of fuel. Theedtipns

the mixture is short, which is one of the main eausf its were open for a constant amount of time (CA-wise)l a

unrepeatability. In such a short time the initidlypical | o e initiated with the same timing. The injectoasid
processes of mixing fuel with air and the pre-flapre- spray parameters are listed in Table 2
cesses take place (chemical evaporation of fuel itd '

thermal decomposition). During this period the tears Table 2. The parameters of injectors and spray

and processes leading to format!on .of toxic compt®e [z ameter Unit Value
also begin take place. Some scientists assume tf#] |Tnjectors type — Outward opening
oxidation and products of thermal decompositiontlue Nozzle apex angle deg 95
liquid fuel molecules can be important intermedistieges | Spray angle deg 10
in the formation of particulate matter. Nozzle outer diameter mm 2
The dominant trend concerning combustion of quuijg‘grz;ﬁ;;gerd'amemr i honov%’i’one
fuels is delivering them in the form of previoustyeated niection beginning deg CA 35 before TDC
mixtures: e.g. gasoline-ethanol or gasoline-methdano | injection end deg CA 25 before TDC
various proportions. It is justified from chemiga¢rspec- | Injected mass per event mg 30
tive to create mixtures with very specific propons in | Draglaw model - Schiller-Naumann _
order to ensure the homogeneity of such a mixture. Fuel evaporation model Tl Dukowicz (Gasoline’)
L. . . ulti-component (others)
However, there are no descriptions in the liteeatof e preakup model - Wave

possibilities of creating mixtures of fuels dirgcthefore
their combustion in open or closed chambers. Kngwiiat The Schiller-Naumann drag law model Cd is an empiri
liquid hydrocarbon fuels (similar to gasoline) halrierent cally evaluated equation for calculating drag deght in
properties, it is reasonable to mix them in suakiagy that drag force acting on the flowing particles in fluiith Re

the proportions can influence the combustion prec€siIr-  anging from 0.2 to 1000. It is described with dyiation:
rently this is not possible, because the compasitibfuels

(proportions) is strictly defined prior to combuwsti Differ- — 1 "HS$E0 (7
ent parameters of volatility, vapour pressure otaoe )

number can provide a method of controlling the psscof Where Re is the Reynolds number. For the Re > 1080
their combustion in a wide range. However, befarehs Cd has the constant value of 0.44 [5].

combustion can take place, it is necessary to rézedoth The Dukowicz evaporation model describes the heat
the physical and chemical processes of mixing duels and mass transfer processes on the droplet-fluﬂelvoThe
immediately before ignition. model is based on the following assumptions:

— spherical symmetry,
— quasi steady gas-film around the droplet,
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— uniform droplet temperature along the drop di@met  of valves. Such configuration of the fuel injectimo the
— uniform physical properties of the surroundingd area of centrally positioned spark plug (Fig. 9pwb the
— liquid-vapor thermal equilibrium on the dropletface. execution of spray-guided type mixture creation.

The vapor mass flux+-* to local surface heat fluy .*
ratio is, according to the Dukowicz model, calcethas per
formula (8):

G2 456 8)
32 74 248 124 921 ;17 4; 12%

where<_ is mass transfer numbe>, is enthalpy in parti-
cle far-field condition>_ is enthalpy at particle surfac>_
is enthalpy in vapor conditions at droplet surfa>g. is
enthalpy in ambient gas conditions at droplet su&fA,

is vapor mass fraction in particle far-field conalit, A. is
mass fraction in vapor conditions at droplet suef].

The Multi-component evaporation model is the exter:- : '
sion of the Abramzon-Sirignano approach. The dffiee Fig. 5. The part-section view of the combustionrohar with outlined
to single-component cases is that the mass traok&rery spark plug in the centre of the chamber
component is taken into account separately, whetleas
heat transfer remains a global mechanism. The thegul
mass flow rate then is the sum of the single cbatidons:

In the AVL Fire 2014.2 software using the Fame En-
gine+ module the displaceable mesh was created i
which the following selections were assigned:

B CE Bp (9) - piston buffer,

piston moving

piston non_moving.

The created mesh of size of 211 thousand cellsl¢T3b
served as the model for injection and spray arslgdi

The distribution of the components inside the debjd
assumed to be homogeneous [5]. This model is red o
be used in multi-fuel spray calculations.

The Wave breakup model describes the spray mtp-drovarious fuels.

let breakup behaviour. Initial spray assumptiorthist the
blob injection is realized (initial droplet size sémilar to
the nozzle diameter). The quasi-continuous fuedasir is  piston non_moving
broken up to droplets as per Wave model. It assuinas
the growth of an initial perturbation on a liquidrace is
linked to its wavelength and toother physical agdasmic
parameters of the injected fuel and the domaim flaor the
high pressure injection systems (high spray vefdihe
size of the product (parent) droplets is set edoathe
wavelength of the fastest growing or most probalista-
ble surface wave. For lower velocities, the Rayleigpe

breakup is applied [5].

Fig. 6. The displaceable mesh of combustion voltonéuel spray simula-
tion

Table 3. The computational mesh parameters

Mesh info Value
Number of nodes 203732
Number of surface faces 40240
Number of tet cells 2200
Number of hex cells 160022
Number of pyramid cells 15908
Total number of cells 211406
Surface area 0.027°m
Volume 0.0003362

4. The fuels' injection and spray processes analgsi
The presented simulations concerning fuels' spoagrc
the injection analysis of gasoline, ethanol andpentane

The model engine data are presented in Table Irewheln various configurations of their delivery to tkembus-
as the combustion chamber view with positionedciajes  tion chamber. Varied properties of these fuelssgneed in
in it in Fig. 4. The visible two injectors are maed instead POINt 2 and Table 4, point at possibilities of ekcess ratio

Fig. 4. The indicative view of positioning the diténjection fuel injectors
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shaping in combustion chamber during their directimy
before ignition.

Table 4. Physical and chemical properties of fuels

The conducted research, due to its basic charaster,
aimed at identification of the air-fuel mixture atmn
changes during simultaneous injection of both fulelghis
research only the conditions of combustible spraijdkbup
in the spark plug area are analyzed. The chargaticne
conditions were analyzed mainly in the aspect eftime
required for the creation of combustible mixturevad| as
spacious relations in the combustion chamber coiogr
the fuel sprays' range. Due to the assumed methdueb
supply (direct injection with outward-opening injexs) the
mixture creation is being considered through thel fu
movement gpray-guidedl Because of this, the assume
fuel injection is at 68%CA (35’ before TDC).

The stoichiometric mixture creation was based an tf
assumption, that in dual-fuel injection, this comént is
referred to the value for gasoline. Thus duringaeth or
iso-pentane injection the air demand for thesesfumm-
bustion was not included.

The fuels' spray analysis with two injectors pédptting
begun with simultaneous injection of gasoline dffflig. 7).
The fuel spray analysis was conducted in the rémge the
start of injection to the point of piston's TDCThe area
around the spark plug was subjected to researels@ttion
of combustion chamber was selected to allow forotheer-
vation of the fuel spray) referred to fuel dropldistribu-
tion and air excess ratio of the A/F mixture (definas
equivalence ratio). The gasoline injection and pmffects
in uniform A/F mixture creation on both sides oé tbom-
bustion chamber (diverse areas in Fig. 7 resuthfitoe lack
of symmetric section of combustion chamber). AtGA

Parameter Unit Fuel
Gasoline Ethanol Iso-pentane
Chemical formu- - GeHis C,HsOH GsHiz
la
Composition % 86,14,0 52,13,35 87,13,0
(C,H,0)
Research octang  — 95 [29] 106 [14] 100 [21]
number
Density@ 26C kg/nt | 744.6[29] | 790.9[29] 616 [28]
Lower heating MJ/kg | 43.5[11] 27.0 [11] 44.91 [10]
value
Viscosity mn?/s | 0.4-1[16] 1.32[19] 0.35[23]
@25C
Dynamic viscos-| mPa s 5.29 [26] 1.104 [25 0.22
ity @ 25C
Surface tension N/m 0.022 [9] 0.0223| 0.016[6]
[25]
Enthalpy of kJ/kg 373 [29] 840 [29] 342 [23]
evaporation
Stoichiometric — 14.6 [11] 9.0 [11] 38.1[6]
A/F ratio
Saturation kPa 31[11] 13.8 [11] 128 [13]
pressure at 38
deg C
Flash point °C —45t0-38| 21.1[11] -50 [23]
[11]
Auto-ignition °C 420 [11] 434 [11] 468 [23]
temp.
Boiling point °’Cc 32.8 [29] 78.4 [29] 27.9 [28]

Fig. 7. The development of the gasoline streantisértwo-injectors

.. . L system (combustion chamber section concerns thgquintity); the
before TDC the conditions which correspond to toéhio- droplet color indicates its type of fuel (gasoline)
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metric mixture flammability are reached (air exceaso
corresponding to the value of 1). The specific posiof
the injectors in the combustion chamber causesAiffe
mixture to not cover the whole combustion chamiSerch
distribution of mixture results in the creation sifatified
charges, thus allowing for lean mixtures combustion

The combustion analysis of various fuel mixturess(y
line and ethanol) implies that the method of creatihe
mixture is conditioned by its physicochemical pndjgs.
Higher density of ethanol, thus lower fuel outfle@iocity
from the injector nozzle (Figs 8 and 9) resultsha retar-
dation of the A/F mixture creation for this fuelhds, the
gasoline and ethanol mixture creation should beereffiec-
tive compared to gasoline only. Such mixture coratihar-
acteristics was observed during the analysis oblgesand
ethanol injection (Fig. 10).

a#$

Fig. 8. The effect of the initial fuel droplet dégysluring outflow from the
injector on the fuel type during injection

/T \ ‘
4

%

a #$

Fig. 9. The effect of the initial fuel droplet velty during outflow from
the injector on the fuel type during injection

The analysis of dual-fuel spray (gasoline and eihan

points to the gasoline spray reaching the sparlg pltea
quicker. In addition, the spayed ethanol remainsencom-
pact, because the created mixture covers muclspes= in
the initial spraying period than the gasoline-aiixtore.
This indicates that the mixture creation in therkpgalug
area (the air excess ratio enhancing flammabilitgluding
gasoline and ethanol is performed with a signifiogaso-
line advance. To minimize these differences, aemtion
would be required for the injection timing of etloan

Fig. 10. The development of the gasoline (red gs)eand ethanol (blue
spheres) streams in the two-injectors system (cstidruchamber section
concerns the L/quantity
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The injection of isopentane, whose physicochemical
properties are different from previous fuels, wilsult in
different spray. The isopentane density is lowantthat of
gasoline, meaning that its mixing with air alreasharts
after a few degrees of CA from the injection irtiba. The
isopentane spray area is significantly larger ttnenarea of
gasoline spray (Fig. 11). In the area of spark @ug CA
before TDC the isopentane dictates what flammalpldint
of the mixture will be achieved. Its evaporatiorttas time
is significantly higher than of gasoline as carsben on the
section of combustion chamber around the spark plug

Based on the above analysis it was determined thieat
injection and mixing of both fuels directly befoignition
lets spatially shape the air excess ratio in therksplug
area. The injection of two different fuels signiidly
changes these relations.

5. Fuel mixing analysis
Successive analysis conducted in this area conteens

quantitive coefficients of mixture creation. Thegntain the
global values of analyzed variables. Due to theiouar
values of injected fuels evaporation enthalpy, thrapera-
ture values inside the cylinder are subject to ghan(Fig.
12). The temperature value change at gasoline trahal
injection is approximately 3 K (circa 0.5% differen at
715 CA, indicating theoretical ignition point) versgaso-
line-only injection. Even higher temperature changere
noted during gasoline and isopentane injectiorthis case
the temperature drop is of 10 K was registered ismshare
is about 2%. These are the mean values relatéub tviiole
combustion chamber, which points to significant pena-
ture drop around the spark plug area.

D &"
D &[(

/! T

Fig. 12. The cylinder pressure and temperaturesvedwrse during com-
pression and decompression strokes

Diverse coefficients of fuels' spray are the reetitheir
properties. Due to its lower density, isopentanewsha
greater range in typical fuel injection phase @@F15 CA)
(Fig. 13), what was confirmed in spatial researéhthe
atomized fuel spray. The value of isopentane spaage is
higher at about 8%, and of ethanol at 2% versus dha
gasoline (at 715CA).

In following part of the spraying process the ramuige
creases, because a significant part of the isopentael
dose already evaporated.

Fig. 11. The development of the gasoline (red s)eand iso-pentane The analysis of the absolute value of these fuedpe-
(green spheres) streams in the two-injectors sy&tembustion chamber rated mass confirms the previous results (Fig. lt4yvas
section concerns thel 1fuantity stated that the mass of evaporated fuels (gasatideetha-
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nol) is 31% lower than the evaporated mass of gasol
alone, whereas the mass of evaporated fuels: gasahd
isopentane is 31% higher than the evaporated magsso-
line. Absolute mass values of evaporated fuelstpatirthe
twice as high value of evaporated gasoline andeistame
(20.9 mg) versus evaporated gasoline and etharB (1
mg). The amount of evaporated gasoline is at 143 m

T
1
1
1
1
1

D) &+ "7

D)&/

/

a #$

Fig. 13. The effect of the fuel stream range charggethe fuel type during
injection and spray to the combustion chamber

Obtained results of evaporated fuel mass alloweo d

termine its total share in injected fuel dose. A5°7CA the
shares of evaporated mixtures are:

a) gasoline —32%

b) gasoline and ethanol — 18%

c) gasoline and isopentane — 34%.

: / —
D &~ e ~ —
S 2 | |
b & | S AL - ||
/4

Fig. 14. The effect of the evaporated dose quaittitie combustion
chamber on the fuel type during its injection apchg

This implies that mixing fuels before ignition ale for
reducing the fuel evaporation speed by 25% (gasaind
ethanol) or increasing this speed by 46% (gasodind
isopentane) versus the standard gasoline injecfidns
means that gasoline-isopentane mixture lets aclhibvest

I:L:\\\ b e > &
| —

a#$

Fig. 15. The effect of the unevaporated dose qtyaintthe combustion
chamber on the fuel type during its injection apthg

Different fuel properties mean that it is important
create the fuel mixture before its combustion diyein the
combustion chamber. The analysis presented abowespo
to the significance of this issue in the aspecsedrching
for solutions lowering the fuel consumption and iting
the CQ emission.

6. Summary

The paper describes the research conducted in AkeL F
calculation environment, which is focused on a rBsect
fuel injection solution. The current knowledge aboer-
nal combustion initiated by direct injection fuelipply
systems was considered and the dual direct injedtiel-
ling system was introduced.

The research concerns the effects of using thriéerdi
ent fuels in combination with gasoline for separdiect
injection on spray and flammability of the creatadture
directly before ignition.

It was shown that it is possible to shape the aiess
ratio in the area of the spark plug by injectindgfetent
fuels. Isopentane and ethanol injected through parsge
injector than the gasoline have various effectsthan air-
fuel mixture in the area of combustion initiatidrhe quan-
titative properties of the spray were presented thedef-
fects described.

The air excess ratio value in the spark plug asggedds
on:
— fuel density — its increase causes limitatiorthef fuel
outflow from the injector nozzle, and as a restutte-li-
mitation of fuel spray range,
injection timing of different fuels — differentiél prop-
erties, which means: enthalpy of evaporation, densi
specific heat and stoichiometric A/F ratio caustedi
ent flammability condition in the spark plug area.
Further research directions include:

double (92%) the evaporated mass than the gasolire- various injection crank angles analysis of batblg in

ethanol mixture.

The analysis of the above results allows to detsemi
the amount of evaporated fuel during injection (Fi§).
Due to the gasoline-ethanol mixture propertiesgiapora-
tion is the slowest and during injection 2% lessl fevapo-
rates than during gasoline-only injection. The djase
isopentane mixture evaporates quicker and at teoéthe
injection the evaporated fuel value is 4% highempared
to gasoline-only injection (almost 5% to gasolirikagol
mixture).

order to find required flammability in the areaggfark
presence,

proper injectors positioning in order to find $éde and
optimal solution to execute the dual fuel injection
effects on combustion by using described fuelpsup
system in combination with different fuels.

Acknowledgements
The study presented in this article was performébinv
the statutory research.

64

COMBUSTION ENGINES, 2017, 170(3)



Inflammability evaluation of hydrocarbon fuels rabas formed directly in the combustion chamber

Nomenclature

A/F  air-fuel ratio m.  fuel mass evaporated

CA crank angle m; fuel mass remaining

Cl compression ignition S penetration

CNG compressed natural gas Sl spark ignition

DI direct injection T temperature

LPG liquified petrolum gas TDC top dead center
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