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Abstract. The increase of oil prices, the growing environmental concerns, and more stringent regulations on fuel
emissions have caused a significant interest on biofuels, especially ethanol and biodiesel. In general, liquid fuels are
atomized to yield a larger liquid surface area, therefore providing larger vaporization and mixing rates. A blurry
injector is an air-blast injector that presents a backflow of gas into the liquid feed tube. It can generate a relatively
uniform spray with small droplets. This paper describes the injection characteristics of water, hydrous ethanol and
B100 soy hiodiesel through a blurry injector. Average diameters, mass flow rates, discharge coefficients and spray
cone angles for different injection pressures and air-liquid ratios are presented.
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1. INTRODUCTION

In recent years there has been a great interébeinse of biofuels in order to reduce the envirental impact of
combustion processes and replacement of fossis.fiélerefore, it is of interest to the country and canips to
investigate the use of this biofuels in industeapplications, aiming to reduce costs, increaseatipey efficiency and
reduce pollutants emissioridowadays, the most commonly used alternative fingise world are biodiesel and ethanol.

The atomization of a liquid into small droplets tile form of a spray is an important process in atdal,
combustion and propulsion system. A larger surf@ea is produced by forming droplets, thus reducheg liquid
vaporization time. In liquid fuel combustion applion this results in better mixing and an increasdhe time
available for complete combustion (Lefebvre, 1983).

The process of atomization is a physical proceswtiith a jet, sheet or a film of liquid is disintated by the
kinetic energy of the liquid itself, by exposure dostream of air or gas of high speed, or as atre$iexternal
mechanical energy (Lefebvre, 1989). In the atoriomaprocess a volume of fuel is converted into dtiplicity of
small droplets, aiming to increase the contact Aeteveen the fuel and oxidizer and, thereforentodase the rates of
mixing and fuel evaporation.

Based on a flow-focusing injector, Gafian-Calvo &068escribes the flow-blurring injector, or blurigjector,
which presents several advantages over other amgcsuch as formation of a uniform spray, bettemézation, high
atomization efficiency, robustness, excellent fuaporization and mixture with air, and potentiat fpplication in
compact combustion systems which can be used aabp®mower sources. According to Gafian-Calvo (205
given values of liquid flow and total energy inptiite flow blurring configuration is capable of ciieg about 5 and 50
times more droplet surface area than other pneamabulizers. Figure 1 shows a scheme of the fllusribg injector.
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Figure 1. Schematic the Flow-Blurring Injector:Ml@étructure and geometric details.
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The liquid to be atomized exits from a feed tubeséinner diameter is equal to the exit orificamterd, located
in the orifice plate, as seen in Fig. 1. Both seddiare perfectly aligned and separated by a distdnThus, the gap
between the feed tube end and the exit orificesgiiae to a lateral cylindrical passageway, LCHKs itorth noting that
the LCP surface equals the exit orifice area whenH/D = 0.25. Consequently, when a liquid mass flow rdgeis

forced through the feed tube and a gas mass flewrig is forced through the LCP, a spray combining hgithses is

formed and leaves the device through the orifige ex

The flow-blurring mechanism is characterized byabagl bifurcation of liquid-gas flow at the tip tdfe feed tube of
liquid. This bifurcation is triggered by a singlenflamental geometrical parameter H/D. Whenc is decreased to
about 0.25 a radical modification in the flow canfiation is observed. The gas accelerates rad@lgrds the liquid
exiting the feed tube and there is a return ofghe flow into the feeding tube of the liquid (bdoid), creating a
recirculation flow within the tube, that resultsarturbulent interaction between the phases argldreating a spray of
small droplets. The backflow pattern produces iffit mixing between the gas and liquid phases,l@ads to energy-
efficiency improvements over other atomization s

Panchasarat al. (2009) compared experimentally a flow blurringeictor with a commercial air-blast injector,
using kerosene and diesel burning in air at amipesgsure, and verified that the flow blurring ot produced 3to 5
times lower NQand CO emissions as compared to the air-blasttmjeSadasivuni and Agrawal (2009) used the flow
blurring injector in a compact combustion systerthvai counter flow heat exchanger. The volumetriergy density of
the system was substantially higher than that efdbncepts developed previously. Heat releaseofate to 460 W
was achieved in a combustor volume of 2.G.cfie combustion system produced clean, compaigf, qiistributed,
attached flat flame. No soot or coking problemsenexperienced during or after combustor operatiokesosene fuel.
Simmons and Agrawal (2010) used laser sheet vimatan and a phase Doppler particle analyzer tainlihe spray
characteristics of a flow blurring injector openagtiwith a configuration whend/D = 0.23 and using as working fluids
water and air. The authors compared performandbeofbove injector with that of an air-blast inggcand from the
results concluded that the flow blurring injectanceffectively atomize liquids at relatively low-#b-liquid mass ratio
compared to the air-blast injector, while reduding pressure drop penalty in the atomizing air.line

Therefore, this work aims to present the charaéidn of a blurry injector for injection of watdrydrous ethanol
and B100 soy biodiesel. Experiments are conducteddifferent atomizing air-to-liquid mass ratios L(Rs) and
injection pressures.

2. EXPERIMENTAL SECTION

Figure 2shows a schematic for a blurry injector.
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Figure 2. Schematic representation and photoseoBttrry injector.

The injector is composed by a liquid feed tubde 0.5 mm), a coannular atomizing air passage aratifice plate,
whose exit orifice diameter is equal to diametefegfd tubed. The two-phase mixture exits through the exiticeifin
the orifice plate located at a distartderanging from 0.075 a 0.125 mm. The air is supptiedhe air chamber that
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ascertains the uniform distribution of air throufk coannular atomizing air passage. The effiaieiring between the
air and liquid phases produces a fine spray.

Spraycharacteristics are generally measured by congigi¢ghie macroscopic and microscopic structure osfray.
The macroscopic structure of the spray, such as aagle, is measured conventionally by high-spéedography, and
the microscopic structure of the spray, such asltbplet size distribution, can be measured byrthased techniques.

2.1. Droplet size measurement

The laser diffraction method was used to measueeShuter mean diameter (SMD), which is definedhas t
diameter of a drop having the same volume/surfatie as the entire spray, i.e.,

n di3
D3 = ; (1)

2" n
2
i=1

Figure 3 shows the drop size measurement systechingais study. The Malvern Sprayfesystem was used to
measure the drop sizésttibution. The instrument measures the variatioangular scattering as a function of particleesiz
for a group of particles.
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Figure 3. Schematic representation of the testhhenc

The Spraytec® takes into account multiple lighttterang and contains two major differences comparét the
previous versions: first, the system employs theehn-Mie theory to take into account the contribatof the angular
light energy distribution of refraction through dhdroplets, which considerably improves a behawabthe instrument
when measuring very fine sprays, and second, ththemetical inversion procedure of the system inetud patented
multiple-scattering algorithm that allows succeksfoeasurements in extremely high concentrationsh Vight
obscuration as high as 95% (5% transmission).

Laser measurements were taken 50 mm downstreammeoéxit of the injector, where the spray drop si@es
constant further downstream. The centre of theyspes positioned at the laser beam centre, sopttay £ould be fully
covered by the laser beam. The values of MMD (nmmasslian diameter) and SMD (Sauter mean diameterg wer
obtained by averaging three runs.

The working fluidsused in the present study were water and ethanoloat temperature, which were supplied to
the atomizer from the liquid inlet port of 0.5 mmdiameter. The properties of the liquids in thigdy are shown in
Tab. 1 at laboratory ambient conditions of 298.08-35 K and 95 kPa. Density surface tensiom, and dynamic
viscosityu were determined by measurement in laboratory.
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Table 1. Properties liquid fuels at 95 kPa.

Liquid Surface Tension (N/m) | Densityp (kg/n?) | Dynamic Viscosity: (Ns/nt)
Water 0.072° 996.66" 0.0008325°
Hydrous ethanol 0.024® 806.7" 0.00124%
B100 soy biodiesel 0.028® 875.7% 0.0048%

W measured at 25°¢: measured at 26°¢ : measured at 28°C
2.2 Spray cone angle

Another important parameter in characterizationtted injector is the spray cone angle, which catuérfce
directly the combustion and the flame length. Gelterthe spray formed in the process of atomizatias initially the
shape of a cone. The opening angle is related g¢op#netration capability of the spray in the enwinent or
combustion chamber (Lefebvre, 1989).

In general, large angles (greater than 100°) primgahe atomization of the liquid by print to spraylarge
tangential velocity component. But the spray conglecannot be so large, in order to avoid the $pehying on the
wall leading to the coke. Small angles (smallentB@°) promoting the penetration of spray into¢heironment due to
the higher axial velocity component. However, theyd to displace the combustion zone away fromirtjeetor and
can result in problems of combustion stability.tharmore, if the spray cone angle is too small fide¢ will be sprayed
into the recirculation zone less oxygen and therses much more pyrolysis.

The spray cone angle is measured from digital givazhs for each pre-defined condition. The photesreserted
into a treatment program image where two straigiesl are drawn at the exit orifice tangent to theag, allowing to
measure the angle of the spray.

2.3 Discharge coefficient

The discharge coefficient is an important paramietelesigner of the injector, and it directly dexsdhe success or
failure of the design. If the discharge coefficiemmuch big, the outlet area will be much bigdeart the necessary, so
as to influence the spray quality of the injectbthe discharge coefficient is small, the designeaks flow rate cannot
be achieved and consequently cannot satisfy the: ofethe temperature and flame length.

Considering incompressible flow, adiabatic flow, wariation of gravitational potential energy, thiesatharge
coefficient of the liquid is obtained from the ciontity equation (Delmeé, 1983):

_m
AJ200R (2)
where c,, is the discharge coefficient of the liquidy the liquid mass flow rate, kg/# the total cross-sectional area

of the discharge orifices, in g, the density of the liquid, kg/fnAR, = P

flow across the injector, P&y, is the ambient pressure alRdy is the liquid injection pressure).

To determine the discharge coefficient, the ligisiccollected in a graduated recipient during 1ng after the
liquid mass in the recipient is measured and theragge mass flow rate in this period is calculafl.the discharge
coefficient of liquid and air can be obtained fr&g. (2).

Gy =

- P,., the pressure difference of the liquid

Jinj

3. RESULTS AND DISCUTION

In this section are shown the results obtainedhéncharacterization of the blurry injector for dese wherdd =
0.125 mm.

3.1 Pressure Measurements

The injection pressure was measured by a pressursducer (0—20 bar range) installed upstrearheoatomizer
using a T-junction. The measured pressure wasteffdy the pressure drop in the line because thenater was open
to the ambient. The typical curve of the mass ftates for liquid and air changed with injectioessure is shown in
Fig. 4.

It can be shown from the figure that the mass ftates of the liquid and air increase with the puessncreasing
and the air increases faster than the liquid becthes compressibility of the air is bigger thant th&the liquids. With
increasing of the pressure, the trend will be obsionore and more. Furthermore, the liquid flove ret seen to
increase with an increase in liquid injection prueeswhich is expected due to the increase in imegriquid velocity
with the increase in injection pressure. It is abed that the mass flow rate of water is highet tha mass flow of B
100 soy biodiesel and hydrous ethanol.
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Figure 4. Curve of the mass flow rates versus figagressure: (a) liquid mass flow without atomgiir flow; (b) air

mass flow rate without liquid flow.

In the present study, the liquid injection presswas initially kept constant and the air flow ratas varied over a
range by changing the air injection pressure taiabthe variation in Air to Liquid Mass Ratio (ALRThe liquid
injection pressure was then varied and the entioequiure was repeated for different values ofrgécition pressure.
The spray characteristics corresponding to a rahdjguid injection pressures, air injection pregsand Air to Liquid
Mass Ratio (ALR) were studied and the results aesgnted in the next section.

The full operating envelop reported in this papegiven in Fig. 5.
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Full operating envelop of the blurry oifr.
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It is observed that for a given liquid injectiorepsure an increase in the air injection pressam@sléo an increase
in ALR, once an increase in air injection presstagses an increase in air mass flow rate andghé&llimass flow rate

is kept constant.

The variation of liquid and air flow rate with ALfr different liquid injection pressures is shownFig. 6
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Figure 6. Variation of liquid and air flow rate WiALR for different liquid injection pressures.

The data presented in this figures shown thatithed mass flow rate decreases with an increagd R. At lower
values of ALR the decrease is quite rapid. Buhigher values of ALR, the change in liquid massvfliate is quite
small with an increase in ALR for a particular lidinjection pressure. Furthermore, the liquid miéss rate is seen to
increase with an increase in liquid injection preeswhich is expected due to the increase in imegriquid velocity
with the increase in injection pressure. It is oted that the air mass flow rate increases witimarease in ALR, once
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an increase in the air injection pressure causéscaease in incoming air velocity and consequeatiyincrease in the
air mass flow rate. It is observed that an incréagke liquid injection pressure leads to an iaseein the air mass flow
rate, once a larger amount of air is necessarptaimthe spray.

3.2 Spray cone angle

Figures 7, 8 and 9 shown a collection of spray isagbtained from the high-speed photography fomtater,
hydrous ethanol and B100 soy biodiesel.

a)ap, =1 andAR, =0.8 bar bhp =1andAR, =0.9 bar chp =5andAP, =4.8 bar dhp =5 andAPR, = 4.9 bar
Figure 7.Spray cone angle for the blurry injector using wate

a)ap =1andAR, =0.8 bar  bhp = 1landAP, =0.9 bar chp =5andAR, =4.8 bar  dhp, = 5andAP, = 4.9 bar
Figure 8.Spray cone angle for the blurry injector using loydr ethanol.

a)ap, =1andAR, =0.8 bar bhp = 1and'APg =0.9bar chp =5andAP, =4.8 bar dhp = 5andAP, =4.9 bar
Figure 9.Spray cone angle for the blurry injector using B$0§ biodiesel.

Figures 7, 8 and 9 are the spray photographs &obltlrry injector with different pressures. It isserved from the
photographs that with the increasing of the airspuee, the atomization is improved obviously. Fdixad liquid
pressure an increase in the air pressure, thusasicrg the ALR, it is observed that the spray amgde decreases. It is
observed that for low pressures the bigger conéearage obtained to the hydrous ethanol while fgh lpressures the
bigger angles are obtained for the B100 soy biadlies
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3.3 Sauter Mean Diameter

The dependence of droplet Sauter Mean Diameter (SAMMd Mass Median Diameter Air Liquid Mass Ratio (ALR)

for different liquid injection pressure are showrFigs 10, 11 and 12.
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Figure 12. Experimental Sauter mean diameter (Shtid) mass median diameter (MMD) for B100 soy bicglies

The data presented in Figs 10, 11 and 12 showritibatroplet size decreases with an increase in farR given
liquid injection pressure. It can be seen in Fi@s11 and 12 that the droplet size decreases iergewith an increase
in liquid injection pressure. This can be attrilsute the increase in liquid kinetic energy and,deenn inertial forces
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acting on the liquid with an increase in its injentpressure, resulting in finer atomization. Hoegvor a given liquid
injection pressure, there is a rapid decreasedplelr SMD at lower values of ALR.

As expected, it is observed that an increase inlithid injection pressure leads to decrease in MMDd an
increase in ARL causes a decrease in MMD.

The data presented in Fig. 10 shows that SMD fdefmearies between 35.48n to 3.889um and MMD decreases
51.16um to 13.01um over the entire operating range. For the hydetbanol, the data presented in Fig. 11 shows that
SMD varies between 30.98n to 3.987um and MMD decreases from 51.{itn to 9.60um over the entire operating
range. The data presented in Fig. 12 shows that 8MB100 soy biodiesel varies between 46ufbto 2.30um and
MMD decreases 108.8m to 7.48um over the entire operating range. For the sameditions it is verified that the
larger droplets are obtained when the working figid8100 soy biodiesel and the smaller dropletsodntained when
the working fluid is the hydrous ethanol.

3.5 Discharge coefficient

Figure 13 shows the typical curve of the dischagfficient versus ALR.
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Figure 9. Typical curve of the discharge coeffitiearsus ALR.

The data presented in Fig. 13 shows that the digeheoefficient decreases with an increase in AL&ebvre,
1983 has defined the discharge coefficient to Ineeasure of the extent to which the liquid flowilgough the final
discharge orifice makes full use of the availatdsvfarea. Therefore, the reduction in dischargdfiment with ALR
points to the fact that the flow area availablelfguid decrease with an increase in ALR, and,rdduction in liquid
flow rate with an increase in ALR can be safelyiltited to the reduction in flow area of the liguithe rate of change
of c,, with ALR is inversely proportional to ALR. Therefn the rate of change decreases with an increaseR,

which is responsible for slower rate of decreasthénliquid flow rate at higher values of ALR. Thishavior may be
attributed to the change in two-phase flow reginith WLR.
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4. CONCLUSIONS

Spray characteristics of a blurry injector usingevahydrous ethanol and B100 soy biodiesel asesbiefluids are
presented.

From experiments it is verified that the flow blag regime occurs only for a certain range of lijaind air
pressure. If the liquid pressure is greater thandin pressure, occurs the formation of a capiljaty and if the air
pressure is greater than liquid pressure, air lslabk flow of liquid. Thus, there is an optimum gsere of liquid and
air to work with the blurry injector.

The liquid flow rate is seen to decrease with amdase in air liquid mass ratio, which is attrililite a decrease in
available area for liquid flow with increasing 8iow rate. The droplet diameter is seen to decr@ddean increase in
air liquid mass ratio and liquid injection pressduee to an increase in inertial forces.
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