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Abstract. The increasing costs of fossil fuels, environmental concerns and stringent regulations on fuel emissions have
caused a significant interest on biofuels, especially ethanol and biodiesel. The combustion of liquid fuels in diesel
engines, turbines, rocket engines and industrial furnaces depends on the effective atomization to increase the surface
area of the fuel and thus to achieve high rates of mixing and evaporation. In order to promote combustion with
maximum efficiency and minimum emissions, an injector must create a fuel spray that evaporates and disperses quickly
to produce a homogeneous mixture of vaporized fuel and air. Blurry injectors can produce a spray of small droplets of
similar sizes, provide excellent vaporization and mixing of fuel with air, low emissions of NO, and CO, and high
efficiency. This work describes the initial development of a blurry injector for biofuels. Theoretical droplet sizes are
calculated in terms of feed pressures and mass flow rates of fuel and air. Droplet size distribution and average
diameters are meassured by a laser system using a diffraction technique.
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1. INTRODUCTION

The continuous increase of oil prices and growingrenmental concerns has raised interest in blsfuespecially
ethanol and biodiesel. In addition, environmergagiglation has become increasingly rigorous, Sgtiigid boundaries
for the pollutants emissions of engines, turbifiesjaces, boilers and industrial combustion proegsEherefore, it is
of interest to the country and companies to inges#i the use of biofuels in industrial applicatioaisning to reduce
costs, increase operating efficiency and reduckeitaolts emissions.

In general, before burning, liquid fuels are ataedizhrough nozzles to form droplets, aiming to éase the contact
area between the fuel and oxidizer and, thereformcrease the rates of mixing and fuel evaponafidhe reduction of
droplet size leads to higher heat release rateampevolume, facilitates the ignition of the mixéy extends the burning
range and reduces the emissions of pollutants (C@007).

Many processes in the industry, in technologicakcpsses and medicine depend on the productionragspvith
droplets of micrometric size. Various devices fauid atomization have been developed, which cancéléed
atomizers, nebulizers, injectors or nozzles. Theniation process occurs when a liquid jet, ligsieeet or a liquid
film is disintegrated by the kinetic energy of titpiid itself, by exposure to a stream of air os @é high speed, or as a
result of external mechanical energy applied thhougtating devices or vibrating (Lacaeaal., 2009). Due to the
random nature of the atomization process, the tinguspray is usually characterized by a large spet of droplet
size.

Based on a flow-focusing injector, Gafan-Calvo, 8,9%eveloped thélurry type injector which presents several
advantages over other injectors, such as formatia uniform spray, better atomization, high ataatian efficiency,
robustness, excellent fuel vaporization and mixtwth air, and potential for application in compamimbustion
systems which can be used as portable power soUPeeshasarat al. (2009) compared experimentally a blurry
injector with a commercial air-blast injector, ugikerosene and diesel burning in air at ambierdqure, and verified
that the flow blurring injector produced 3 to 5 éismlower NQand CO emissions as compared to the airblast orject
Sadasivuni and Agrawal (2009) used the blurry igjedn a compact combustion system with a countaw fheat
exchanger. The volumetric energy density of théesgswas substantially higher than that of the cpteceeveloped
previously. Heat release rate of up to 460 W wéseaed in a combustor volume of 2.0 tihe combustion system
produced clean, compact, quiet, distributed, adddlat flame. No soot or coking problems were eigmeed during or
after combustor operation on kerosene fuel.

Therefore, this work aims to present the initiatelepment of a blurry injector for biofuels anddescribe a bench
for testing injectors. This injector will be latesed in a flameless compact combustor. Flamelesgugstion is a
homogeneous low temperature burning process leadisgrongly reduced pollutant emissions and higiféciency
compared to traditional combustion processes (Wignetial., 1997).
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2. OPERATIONAL PRINCIPLE OF A BLURRY INJECTOR

There are numerous ways of finely breaking up aidignto droplets. The blurry injector uses a setcdinid,
normally a gas, to provide the energy necessarfinty divide and disperse the liquid into smalfeasgments or
particles.

The blurry injector yields a simple, reproducilkdad robust flow pattern which gives rise to a gasidl interaction
with a high efficiency. The flow geometry surpasesefficiency of “prefilming air-blast atomizets, highly efficient
albeit complex and costly technological varietyisTachievement is due to the unexpected emergehnadack-flow
pattern leading to small-scale perturbations (GaBialvo, 2005).

The flow-blurring injector consists of a nozzle fajuid injection and an orifice plate located datream of the
nozzle. Figure 1 shows a scheme of the blurry tojec

The liquid to be atomized exits from a feed tub@séinner diameter is equal to the exit orificentBéerD, as seen
in Fig. 1. The outlet of the feed tube has the sdiameterD as the exit orifice; both sections face each othegn
offset distancdd. The end of the tube is sharp cut perpendicularligs axis. Thus, the gap between the tube end and
the exit orifice gives rise to a lateral cylindlipassageway, LCP. It is worth noting that the LsTiFface equals the exit
orifice area wherw = H/D = 0.25. Consequently, when both a liquid mass flaie m is forced through the tube and a

gas mass flow rate, is forced through the LCPprayscombining both phases is formed and leavesiévice

through the orifice exit.

The bifurcation separating the back-flow regimerfra conventional flow-focusing pattern is triggef®da single
fundamental geometrical parameter H/D. Whenc is decreased to about 0.25, a radical modificatiothe flow
configuration is observed. There is the returnhef gas flow into the feeding tube of the liquidgating a recirculation
flow within the tube, resulting in an intense mpdilbetween the phases and thus creating an almidstra spray of
small droplets. When > 0.25 the liquid flow follows a “flow focusing” pern, with the formation of a liquid microjet
(Gafian-Calvo, 2005).

Assuming a specific value of the liquid flow ratedahe total energy input, the flow configuratioeates about five
to fifty times more surface than any other pneucatbmizer of the “plain-jet airblast” type (Lefaly 1989).

Spray -~ Orifice Plate
Orifice Plate
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— Second fluid

|
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Figure 1. Schematic the Flow-Blurring Injector:Ml@tructure and geometric details.
Reference Source: Adaptation, Panchasara, [t &., 2009.

3. BLURRY INJECTOR AND TEST BENCH
3.1. Blurry Injector for Testing

A blurry injector withD = 1 mm was designed and built. The offset distaH¢ is controlled by the action of a
screw nut and can be varied from 0.15 mm to 0.30 mm

Figure 2 shows a scheme and photos of a blurrgtimjend its components.

In order to minimize gas friction losses betweea tibe walls and the exit orifice walls when théora /b is

small, the tube end was sharpened with an ang#@<of
Figure 3 shows a photo of a leaking test using miatthe injector.
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Figure 3. Photo of a leaking test of the blurreaipr.

3.2. Test bench

A bench was designed and built for testing therglimjector with biofuels. Figure 4 shows a scheane photo of
the test bench. The main components of the testrbare:

¢ Two tanks with 4 liters capacity each for storafbquids to be atomized.

¢ One cylinder of nitrogen to pressurize the tankwe feservoir may have its pressure adjusted byva.va

¢ One cylinder of compressed air for atomizationhef fuels.

e Two filters.

¢ Valves for pressure relief in the tanks, safetiinfi and drainage of tanks and pressure contrtténline.

e Two pressure regulators.

e Three pressure meters.

e« Y4 piping.

¢ Malvern (Spraytec®) laser system for droplet sizmsurement.
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Figure 4. Schematic representation and photoseatfetst bench.

The pressure operational range of the bench i®&-8nd the following parameters can be measured:

» Discharge coefficient;

» Spray cone angle;

* Mean droplet sizes;

» Droplet size distribution;
* Mass flow distribution.

The laser system Spraytec® measures the sizebdistms of drops by a laser diffraction techniquéthout
interfering in the liquid atomized. A laser beansges through the spray, initially parallel, anchtiediffracted by the
droplets. Photodiodes located on a circular platiect the scattered light. The system uses thethery for analysis
of the droplet size distribution. Mie Theory progga rigorous solution for the calculation of paetisize distributions
from light scattering data and is based on Maxweadlectromagnetic field equations. This theory jmtedhe primary
scattering response observed from the surface efptrticle, with the intensity predicted by theraefive index
difference between the particle and the dispersiedium. Size distributions of particles can be aai®lly measured by
the Spraytec® system up to 98% obscuration, beybedoperating range of traditional laser diffrantisystems.
Obscuration is the percentage of the laser beamepaewhich is not detected by the sensors (Dodge#)19Bhe
equipment is connected to a computer for data aitiui and treatment and a statistical softwangsied to analyze the
data. Figure 5 shows a photo of the laser beasimathrough the spray. The laser beam is not sealh in Fig. 5 due

to the presence of a polycarbonate protectionantfof the spray.
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Figure 5. Photo of the laser beam crossing theyspra

4. THEORETICAL ANALYSIS

The mass flow rate of air in a blurry injector @laulated assuming sonic conditions at the oriég#, and it is
given by the following equation (Anderson, 2003):

ya V2

PoA -
m, = ——— y[—z jyl W
RT, [ \y+1

whereA is the area of exit orificey the specific heat ratid® the constant of the gas, argl, amg are the gas

reservoir pressure and temperature, respectively.
The pressure, temperature and density of gas arifitce exit can be calculated, respectively, by:

a2
2 ~1
Ry =Ry [y—ﬂy )
T,=T,, yiﬂ 3
=
2 Yt
Py = Pog [y_ﬂ] (4)

Considering an orifice diametdd = 1 mm, tank temperaturg, g = 298K, tank pressur®,y, = 3 bar, then
m, =5.5x10° kg/s, 0, = 2.223 kg/mMandv, = 315.18 mis.

Due the random nature of atomization process, gl dispersed populations of drops, the spraysigally
characterized by droplet size distributions. Thstrithutions correlate the volumetric percentaga ofnge of size drop
in total volume of the drops population. To chagsige a given drop size distribution are used
representative mean diameters (Lefebvre, 1989).

The mass median diameter (MMD) corresponds to @ diameter that encompasses 50% of the total mass o
volume of a spray. Gafian-Calvo, 2005, obtainedfdiiewing equation for the dimensionless mass medi@meter
(MMD/D) in a blurry injector withH/D = 0.25:

d = CWe® (1+C,0h)(1+C,GLR™)" (5)

whered = MMD/D, C; = 0.42,C, = 18,C; =1, GLR= rh, /rm is the gas-to-liquid mass ratiée is the Weber number

andOh is the Ohnesorge number.
The Weber numbere) is a measure of the relative importance betwéenitertia of the gas and liquid-gas
surface tension and is given by:

We = p,v?D (20)" 6
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where py is the density of gasy, the gas velocity, both at the exit orifid@,is the diameter of the exit orifice and

is the surface tension liquid-gas.
The Ohnesorge Numbe®h, is defined by the ratio of a viscous tinte)(and a break-up timet() and it is given

by:
oh =y (poD)™ )

The mass median diameter of the designed injecasraalculated for several conditions, using watehe initial
tests. Since it was adoptBd= 1 mm, therd = MMD.

Consideringa = 1000kg/m?®, 1= 1.1 cPoise and = 73mN/m, atT, = 25°C, g, = 2.223 kg/m’ andv, = 315.18
m/s, it follows thatwWe = 1512 andh = 0.004.

The kinetic energies per unit volume of liquid agab are of the same order (Gafan-Calvo, 1998), then

(P2, _
v = —%| v, =14.88m/s (8)

A

Sincev,, Aand g are known, thenm =1.2x10%  kg/s, therefdBR = 0.0474 andIMD = 26.2um.
The same procedure is repeated for the gas resg@mesisure,R , varying from 3 to 8 bar, foy =298 K. The
results are shown on Tab. 1.

Table 1. Theoretical droplet size as function of peessure.

Pog [bar] | Py [bar] |m, [kg/s]| polka/m?] | og [ka/m’] |y, [mis] |vi[m/s] | m [ka/s]| GLR We |MMD [um]
3 1.584 | 0.00055 3.506 2.223 | 315.1814.88| 0.012| 0.0474 1512 26.2
4 2.112 | 0.00074 4.675 2.964 | 318.0417.34| 0.014| 0.054P2 2053 20.4
5 2.64 | 0.00092 5.843 3.705 | 316.3p19.28| 0.015| 0.061p 2538 17.0
6 3.168 | 0.00110 7.012 4.446 | 315.1821.05| 0.016 | 0.067D0 3024 14.7
7 3.696 | 0.00129 8.181 5.186 | 316.8722.85| 0.018| 0.072D 3566 12.8
8 4224 | 0.00147 9.349 5.927 | 315.9524.36| 0.019| 0.077R 4052 11.5

As expected, an increase in gas pressure causesr@ade in the MMD droplet diameter, as well asseawan
increase in the mass flow rates and velocitiesasfand liquid.

5. SPRAY CHARACTERIZATION

The characterization of the blurry injector invadvihe determination of discharge coefficient, mdeoplet sizes
and spray cone angle as a function of the liqutl@intank pressures. Water was used in the inéstk.

5.1 Discharge coefficient

The discharge coefficient is used to correlate litpeid mass flow rate with the liquid pressure dralpng the
injector. In this case there is no air flow durthg measurement.

Considering incompressible flow, adiabatic flow, wariation of gravitational potential energy, thiesatharge
coefficient is obtained from the continuity equati®elmeé, 1983):

___m
C e E—
‘" AJ200P ©)
where AP = R = Pam is the drop pressureéR ., is the ambient pressure aRgy; is the liquid injection pressure. The

liquid injection pressure is measured just befbie ihjector and its value is about 0.1 to 0.2 larelr than the liquid
tank pressure. It is expected that the dischargéficent does not change with liquid mass floweran order to the
liguid mass flow rate to vary only witiAp*?

To determine the discharge coefficient, the ligisiccollected in a graduated recipient during 5hg after the
liquid mass in the recipient is measured and tleeame mass flow rate in this period is calculated.
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5.2 Mean droplet size

A commonly used representative diameter in a readpray is the Sauter mean diameter, SMD. It rotdal by
D, and is defined by:

n

Sa

D,, =2 — (10)

n

P
i=1

Other representative diameters are the mass diesi2ig D5, andDgo. These diameters correspond, respectively,
to drop diameters that encompass 10%, 50% and 9Q%iad volume (or mass) of drops below the drojfuwte (or
mass) considered. It should be noted Bwtis another notation for MMD.

5.3 Spray cone angle

Generally, the spray formed in the process of atatiin has initially the shape of a cone. The amgrangle
is related to the penetration capability of theaggn the environment or combustion chamber (Lefeb%¥989).

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

5.4 Experimental results
5.4.1 Discharge coefficient

Figure 6 shows the values of discharge coeffiaitained for the blurry injector with the liquidjéction pressure
ranging from 0.6 to 7 bar. Tests were conductedgudie geometric parameter= H/D equal to 0.20 and 0.25. For the

pressure range examined, the discharge coeffigiastapproximately constant, with average value V0 H/D =
0.20 and 0.402 fdd/D = 0.25.
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Figure 6. Discharge coefficient of the blurry irtfgcwithout gas flow.

It is observed that regardless of the configurakidb adopted the experimental values obtained for dedficient
of discharge are close. It is verified that thertylwegime also occurs fé#/D = 0.20.

5.4.2 Spray cone angle

The spray cone angles for some operating conditiares presented in Figs. 7 and 8. In these figures
AP, =P, - P where Pyini is the injection pressure of air.

g.inj amb

It is verified, in Figs. 7 and 8, an increase afagpangle fortH/D = 0.25 compared tbl/D = 0.2, for op = 0.8 bar
and AP =1 bar. However, it is not verified a changsmfy angle foH/D = 0.25 compared tbl/D = 0.2, for pp, =

1.7 bar andAF’g = 2 bar.
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a) ap, = 0.8 bar and\P, = 1 bar. P = 1.7barang =  2bar
Figure 7. Spray cone angle witiD = 0.20.

a) Ap, = 0.8 bar and\P, = 1 bar. PP = 1.7 bar ane, = 2 bar.
Figure 8. Spray cone angle wiiD=0.25.

5.4.3 Mean droplet size

Figure 9 shows plots of the droplet size distribmitiunction (blue areas) and of the cumulative r@uistribution
function of droplet sizes (red line), as well asable of the droplet size distribution function asfdthe cumulative
volume distribution function of droplet sizes, D = 0.2, withP,;; = 1.5 bar andPy;, = 2 bar.

Size (um)| %V< %V __|Size (m)| %V< %YV _|Size (um)| %V< %V

0117 000| 000| 251 908| 167 5412| 9866| 093 100 = 10.00
0136 000| 000| 293 1005| 186| 6310| 9914| 047 /1
0158 000| 000| 341| 1306| 211 7356| 9935| o021
0185 000| 000| 398| 1551| 245 8577| 944| 010 _ /
0215| 000| 000| 464| 1842| 201 10000| 9952| o007 g 750 €
0251 000| 000| 541| 2101 | 349 11659| 9961 | 009 P =
0203 000| 000| 631] 2611| 420 13594| 9973| o012 E <
0341 000| 000| 7.36| 3110 | 499| 15849 9985| o012 5 g
0398| 000| 000| 858| 3692 | 581 18479| 9995| 010 % 50 500 g
0464| 000| 000| 1000| 4349| 657 21544| 10000 | 005 2 o
0541 001| 001| 1166| 5065 | 7.7 25119| 10000 | 000 £ g
0631 05| 014 | 1359| 5817 | 751 29287| 10000 | 000 £ E
0736| 045| 030| 1585| e572| 755 34146| 10000 | 000 3 250 2
0858| 09| 047| 1848| 7297 | 75| 30811| 10000 | 000

100 156| 065| 2154| 7961 | 663 | 464.16| 10000 | 000

117| 239| o083 | 2512| 8535| 574 | 54117| 10000 | 000 oL 000

13| 340| 101| 2029 03| 468 63096 | 10000 | 000 3

158| 457 | 118| 3415| 9360 | 357 | 73564| 10000 | 000 050 100 1000 10000 50000

185| 59| 134| 3981| 911| 251 857.70{ 20000 | 000 Particle Diameter (um)

215 742| 150 | 4642| 9773 162 100000] 10000 | 0.00

Figure 9. Experimental distribution of droplet digters for a blurry injector withl/D = 0.2.

It is seen in the Table in Fig. 9 that only drole&tmeters between 0.54in and 215.44m were detected by the
laser Spraytec system. The Table in Fig. 9 indscttiat Qo= 2.714um, Dsg (MMD) =11.5um and B=29.26um. The
Sauter Mean Diameter ¢B) was calculated by the system software as 6.24.4
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Figure 10 shows the experimental results for timeestiuid pressures of Fig. 9, however wifD=0.25.

Size (m)| %V< %V_|Size (um)| %V< %V __|Size )| %V< %V 100 10.00

0117 000] 000| 25| 510] 073] 5412| 9966 104 /]
013%| 000| ooo| 293| 58| 072| 6310| 10000| 034
0158| 000| 000| 341| 659| 077| 7356| 10000| 000
0185| 000| o0o00| 398| 754| o095| 8577| 10000| 000 S 750 ©
0215| 000| o0o0| 464| 885| 130| 10000 10000| 000 by <
0251 000| 000| 541| 1073| 188 | 11659| 10000| 000 £ g
0293| 000| o000| 631| 1345| 272| 13594| 10000| 000 2 8
0341| 000| 000| 736| 1725| 380 15849| 10000| 000 - 500 &
03%| 000| 000| 85| 2233| 508 18479] 10000| 000 o 2
0464 000| 000| 1000| 2877 | 644 | 21544| 10000| 000 = S
0541 000| 000| 1166| 3649 | 7.72| 25119| 10000| 000 = E
0631| 000| 000| 1359| 4526 | 877 | 29287| 10000| 000 E 3
0736| 041| o011 1585| 5467 | 9.41| 34146] 10000| 000 3 250 2
0858| 038| 027| 1848| 6419 | 952 | 39811| 10000| 000

100| o082| o044| 215| 7325| 906 46416 10000| 000

117| 140| o0s8| 2512| s131| 806 54117| 10000| 000

136| 209| 069| 2029| 8797 | 666 | 63096 10000| 000 0 0.00

158| 284| o076| 3415| 9303 | 506 | 73564 10000| 000 050 100 10.00 10000

185| 362| 078| 3981| 9651 | 348 857.70( 10000| 000 ey

215 438| o76| 4642| 61| 210[100000] 10000| 000 Particle Diameter (um)

Figure 10. Experimental distribution of dropletmiigters for a blurry injector witH/D = 0.25.

It is seen in the Table in Fig. 10 that only droplemeters between 0.736n and 63.1Qum were detected. The
Table in Fig. 10 indicates that;& 4.949um, Dso (MMD) =14.37 um and R=31.36um. The Sauter Mean Diameter
(D3p) calculated by the system software is 8.448

The experimental Sauter mean diameters and madismdiameters are presented in Figs. 11 and 1@ifierent
injection pressures with the configuratiorkD = 0.20 andH/D = 0.25.

100 600
01 o Pinj,g = 2 bar * o Pinj,g = 2 bar
80 - g = 500 o . -
= Pinj,g = 3 bar = Pinj,g = 3 bar
70 | inig =
_ A Pinj,g = 4 bar 400 | A Pinj,g =4 bar [
E 60 IS
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a ] = ' 300 |
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Figure 11. Experimental Sauter mean diameter (Skid) mass median diameter (MMD) faD = 0.20.
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Figure 12. Experimental Sauter mean diameter (Shtid)mass median diameter (MMD) féfD = 0.25.

As expected, it is observed that an increase injeetion pressure of liquid leads to an increes&MD and
MMD, and an increase in the injection pressureiotauses a decrease in SMD and MMD for both caméitions.
For injection pressure of air 2 and 3 bar it iseskied an abrupt increase of the droplet size. Rjeciion pressures of
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liquid abovethe injection pressure of air, ¢cannot flow into the liquid tube and does naikes turbulently with the
incoming liquid, there is no blurringffect, but the generation of a microjet.

It is verified that SMD and MMD are smaller fH/D = 0.20 for low pressure, but close to the obtaivdes for
H/D = 0.25 at higher injection pressures of

Table 2 shows thexperimental and theoreticmass median diameteand experimenteSauter mean diameters
with different injection pressures, fe¥/D = 0.25.

Table 2. Experimentahass medianiameter (MMD) andsauter mean diameter (SMD) considelH/D = 0.25.

Poin [Dar] | Pijnj [bar] eggﬂe?ir%trnzal I\t/lh'\g(?r([e'tilgl
2 3 32.07 36.7
3 3 26.85 26.2
4 3 17.33 20.4
5 3 15.96 17.0
6 3 13.88 14.7

Experimental resultshow a maximum error @bout 15% with respect to thieebretical results. It iverified that
an increase ithe injection pressure of ccauses a decrease in MMD.

6. CONCLUSIONS

This paper presented the initial development ofuary injector for burning biofuels. A bench wassimed anc
prepared for testing the injector. Theoretidroplet diameters were calculated and comparebet@xperimental dat
Discharge coefficients, spray angles, distributioh droplet sizes and average diameters were deated
experimentally.

7. ACKNOWLEDGEMENTS
The authors acknowledge Vale EneSolutions for providing a scholarship to the fastho.
8. REFERENCES

Anderson, J. D. 2003, “Modern Compressible Flow:thVHistorical Perspective”, New York: McGr-Hill
Science/Engineering/Math, 3 edition, 65(

Couto, H.S., 2007, “Atomizacao erags”, Apostila | Escola de Combustao, FlorianGpdiianta Catarina, Ezil.

Delmeé G. J,. 1983, “Manual de Medicao de Va: Sdo Paulo: Editora Edgard Bluchév4p

Dodge, L.G., 1984,Change of calibration of diffraction based partislees in dens spray”, Optical Engineering,
Vol. 23, N°5, p. 626-630.

Gafian-Calvo, A. M.1998, “Generation of Steady Liquid Microthreads &tidro-Sized Monodisperse Sprays in C
Streams”, Physical Review Letters, Vol.80, N°22®E-288.

Ganan-Calvo, A. M., Barrerdd. 1999, “A Novel Pneumatic Technique to Generatea8y Capillary Microjets”, .
Aerosol Sci., Vol.30, p. 117-125.

Ganancalvo, A. M., 2005, “Enhanced Liquid Atomizationtof Flow-Focusing to FlowBlurring”, Applied Physics
Letters 86.

Lacava P. T., Alves, A., 2009, “Capitulo 3: Injecdo denibustivel”’, Apostila Il Escola de Combustao, |-111. S&o
José dos Campos, Sao Paulo, Braz

Lefebvre, A.H., 1989, “Atomization and Sprays”, Tayand Francis, New Yo.

Panchasara, H. V., Sequera, B, Schreiber, W. C., Agrawal, A. K., 2009, “Ema@ss Reductions in Diesel al
Kerosene Flames Using a Novel Fuel Injector”, Jalofi Propulsion and Power. Vol. 25, Na

Sadasivuni, V., Agrawal, A. K., 2009, “A novel m~scale Combustion System forp€ration with Liquid Fuels”
Proceedings of the Combustion Institute, 32, p5-3162.

Winning, J. A., Winning, J. G., 19 “Flameless Oxidation to Reduce Thermal fdownatior”, Progress in Energy
and Combustion Scienc23, Issue , 1997, p.81-94.

6. RESPONSIBILITY NOTICE

The authors are the only responsible for the pdimaterial included in this pap



