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ABSTRACT

Diesel engines are one of the most important primogers for mobility and reorganized power generaéind are
categorized by heterogeneous combustion. Heterogsneombustion leads to formation of soot and N@xthe
combustion chamber. The gasoline injection systehich is the heart of an engine, plays a pivoté io the fuel-air
mixing processes inside the combustion chambell. &oeization activities are mainly contingent amnstraints such as
nozzle diameter, injection pressure, ambient camit and nozzle geometry. Fuel atomization alspedds on fuel
properties such as viscosity, density, surfaceidgensnd vapor pressure. The main objective ofresearch work is to
design and development of fuel injector holder ighhpressure spray chamber, which is used to dp\sloay formation
and understand the behavior of various fuel sprayacteristics like diesel and bio-diesel. An intpot parameters are
used to find in the characteristics are fuel sprfagl spray length, fuel regions, droplet size.duar research also

concentrate to arrest the leak formation in higékspure spray chamber.

KEYWORDS: High Pressure Spray Chamber, Fuel Injector Holdgow Visualization Technique, Combustion

Process, Emission Formation, Spray Modelling
INTRODUCTION

The fuel injector is a significant component of Ifugection equipment (FIE) and delivers gasolineatomized
form to the combustion chamber at very high inftipressures. The main role of the injector is\fjedt and successively
atomize the fuel in the engine combustion chamhbeftier atomization leads to formation of adequétel droplets
(Im range) inside the engine combustion chambee. [&ilge number of fuel droplets in the combustibansber results in
higher fuel surface area obtainability for air—fumteractions, leading to superior air—fuel mixiagd combustion.
With increasing concerns about air pollution, esgcthe particulate matter (PM) emissions of diesngine, more
stringent regulations to limit engine emissions evégislated. In recent years, as a result, mantheds have been
proposed to simultaneously reduce PM and nitroggaes (NOx) emissions in diesel engine. Using akéve fuels and
gaseous fuels in existing diesel engine has beewegrto be one of the most practical ways to redheeharmful

emissions [1].
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ERC n-heptane mechanism with 29 species and 5Z%aracombined with NOx mechanism (4 species and 12
reactions). They used a sector mesh with one nexmdedual injection for diesel liquid which showietprovement in fuel
efficiency and reduction in particulate matter esitie compared to diesel only operation. The authtss found that the
rate of pressure rise is too sensitive to injectioning [2]. The comprehensive two-zone phenomegicll model has
been examined the effects of pilot fuel quantity gilot injection timing on the dual-fuel enginerfeemance and
emissions, and then validated the model with erpemi in a premixed dual-fuel engine. They reportadt
simultaneously increase of the pilot fuel quantitgcompanied with an increase of its injection tigniesults in an
improvement of the engine efficiency (increase) @@ emissions (decrease) while it has a negatifextefincrease) of
NOx emissions [3]. The self-ignition of diesel fughich is governed by the Stringer relationshipstfe ignition delay
and the diesel combustion model employed for adualjine cycle calculation consists of the classiocad step kinetic

mechanism of fuel oxidation within a finite ratedgdlissipation approach [4].

The computational fluid dynamics simulation of b&thdual-fuel compression ignition (Cl) and SI CN@gines
that a combined approach of using both chemicadtida and G-equation formulations in RANS is capaitfl capturing
most of the physical-chemical processes in bottdtia-fuel Cl and Sl engine combustions [5]. Thenbastion regime is
divided into 3 zones, flame front, volume inside tttame-front and volume outside the flame-fronanke is always
modelled at chemical equilibrium. Species like N@Q,N20 and NO2 are not included in the in the flamedelling
because of their relatively short resident timehimitthe flame front and relative slow chemical teat rate of NOXx

producing reactions [6] [7] [8].

OEMs design the injector for mineral diesel, whitds a moderately lower viscosity and density cosgbdo
biodiesel. Different fuel properties of biodies&here is a need to more completely understand te#eets [9] [10].
The injection rates for two nozzle hole geomet(@dindrical and conical). They describe the bebawf injector nozzles
by measuring non-dimensional parameters such asidRksy number (Re), cavitation number (K), and disgk
coefficient (Cd). They detected that cavitation wscin both nozzle types; however, the conical leoimd a lower
inclination to cavitate compared to the cylindricaizzle. They also experimented that higher fugction pressure and
Re leads to confused flow patterns in the cylirairicozzle, while this is not the case in the cdnitazzle[11] [12].
A computational study to determine the effects @fitation on the nozzle hole internal flows andaspcharacteristics.
They concluded that cavitation increases the spoag angle and nozzle exit velocity. In a cylindtinozzle, cavitation

starts at the inner sharp corner of the nozzle.[13]

As soon as the injection pressure builds up, cémiteextends towards the nozzle exit, which coesigy results
in increased spray angle [14]. Once cavitation meacthe nozzle exit, this singularity is called esupavitation. They
characterized two injector nozzles; cylindrical ammhical, using two sprays parameters, such magsaihd momentum
flux. They reported that cavitation occurs when snfiew flops in the cylindrical nozzle. They alsestribed that there
was no cavitation in the conical nozzle, even unikly pressure condition. The atomization charisties of diesel,
which is affected by in-nozzle cavitation. A flowsualization system was used for spotting the a#ioih, while
atomization characteristics were estimated usidgoglet analysis system [15] [16]. In order to urstiend the essentials
of spray in IC engines, methods such as visuatinatPlV (particle image velocimetry), LIF (lasedirced fluorescence)
have been used as diagnostics tools for in-cylimleasurements some measurements have been cartriedimproved

engines with optical access and some have beematisbed in high pressure and temperature congtanie vessels.
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In the present study, a broad survey has beenedaait in the area of spray and combustion usirtgcalp
measuring techniques. The main objective of owrarh work is to design and development of fueddtgr holder in high
pressure spray chamber, which is used to develogy dprmation and understand the behavior of varituel spray
characteristics like diesel and bio-diesel. An imt@ot parameter is used to find in the charactesisire fuel spray, fuel
spray length, fuel regions, droplet size. Furthe@emour research concentrated to arrest the leakation in high pressure

spray chamber.
MAJOR COMPONENTS OF THE HIGH PRESSURE SPRAY CHAMBER

The major components of the high pressure spragnbbg Constant volume combustion chamber, Highdpee

camera and Common rail.
Constant Volume Combustion Chamber

The design of Constant volume combustion chamb&nasvn in Figure 1.

i
Qe

Figure 1: Design of Constant Volume Combustion Chalver

The CVCC system with the chamber is utilizing tedstigate the spray combustion. The CVCC is maruifég)
with S45C to endure high pressure and temperafure.maximum pressure and temperature are 15 MP260@ K,
respectively. The chamber volume is 1.4 L. The CM@E five 96 mm diameter quartz windows. The higfsgure and
high temperature ambient condition of a diesel eadias been simulated by performing pre-ignitiofoteethe fuel
injection. Four gases (acetylene: C2H2, hydroge; Bxygen: O2, and nitrogen: N2) were mixed in a-ixing
chamber, and then supplied to the CVCC throughrttake valve. Before the mixture was supplied t® ¢hamber, the
chamber was evacuated by a vacuum pump. The cotigposf the mixture is modulated by the partialgmere of each
gas. The initial chamber pressure before the siggnikion is around 3 MPa. The partial pressuregath gas could be
controlled to +16 MPa. The chamber body is heated up to 473 K usimeelectric heater to ensure the complete
combustion of the pre-mixture. Two spark plugs atitzed to fully ignite the pre-mixture. The rasi@f the combustion

products, such as oxygen and carbon dioxide, areaited by adjusting the composition of the reatta
High Speed Camera

The high Speed Camera is shown in Figure 2.
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Figure 2: High Speed Camera

This high-speed camera is a device capable of imapesures in excess of 1/1,000 or frame ratesérss of

250 frames per second. It is used for recordingrfas/ing objects as a photographic image(s) onstoeage medium.
After recording, the images stored on the mediumtsaplayed back in slow-motion. Early high-speameras used film
to record the high-speed events, but today higedpsmameras are entirely electronic using eitheharge-coupled
device(CCD) or a CMOS active pixel sensor, recaydipically over 1,000 frames per second into DRANI playing

images back slowly to study the motion for scienstudy of transient phenomena. A high-speed caroaen be classified
as: a high-speed film camera which records to fénhigh-speed video camera which records to el@ctnmemory, a
high-speed framing camera which records images wtipie@ image planes or multiple locations on thens image plane
(generally film or a network of CCD cameras) antigh-speed streak camera which records a serileses$ized images

to film or electronic memory.

A normal motion picture film is played back at 2arhes per second, while television uses 25franf#k) or

29.97 frames/s (NTSC). High-speed film camerasfitanup to a quarter of a million frames per secdndrunning the
film over a rotating prism or mirror instead of mgia shutter, thus reducing the need for stoppiystarting the film
behind a shutter which would tear the film stoclsath speeds. Using this technique one can stostetsecond to more
than ten minutes of playback time (super slow nmtidligh-speed video cameras are widely used fiensific research,
military test and evaluation, and industry. Exarspdé industrial applications are filming a manutagtg line to better
tune the machine, or in the car industry the ctasting to better document the crash and what hegpmethe automobile
and passengers during a crash. Today, the digghtspeed camera has replaced the film camerafos&tehicle Impact
Testing.

Uses in Science

High-speed cameras are frequently used in sciame@der to characterize events which happen tob féas
traditional film speeds. Biomechanics employs stemeras to capture high-speed animal movements,asuimping in
frogs and insects, suction feeding in fish, thikesr of mantis shrimp, or the aerodynamic studgigéon’s helicopter like
movements using motion analysis of the resultirgueaces from one or more cameras to charactegzendtion in either
2-D or 3-D.

The move from film to digital technology has grgatéduced the difficulty in use of these technadsgivith
unpredictable behaviours, specifically via the aseontinuous recording and post-triggering. Mastware allows saving
a subset of recorded frames, minimizing file sigeues by eliminating useless frames before or #iersequence of

interest. Such triggering can also be used to spmite recording across multiple cameras.
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Common Rail

The common rail direct diesel injector is showrrigure 3.

Figure 3: Common Rail Direct Diesel Injector

Common rail direct fuel injection is a direct fuejection system for petrol and diesel engines.di&isel engines,
it features a high-pressure (over 1,000 bars ofl@®@& or 15,000 psi) fuel rail feeding individual eobid valves, as
opposed to a low-pressure fuel pump feeding upgctors (or pump nozzles). Third-generation commahdiesels now
feature piezoelectric injectors for increased piea, with fuel pressures up to 3,000 bars (300 ;MRB0O00 psi).
The merits of the common rail fuel injection systarohitecture have been recognized since the dewelot of the diesel

engine.
DESCRIPTIONS

It is essential to characterize the fuel beforagpnvestigations for its important physical, cheahiand thermal
properties. Kinematic viscosity of mineral dieseidabiodiesels has been measured using Kinematicomwister
(Stanhope-Seta: Setavis 83541-3) at 40. ASTM 4dgbnbethod has followed for viscosity measuremeunel Eensity has
measured using portable Density meter (Kyoto Ebeits: DA-130N) following ASTM D4052 test methodSAM D613
test method has used for cetane number determindietane number tests are carried out at IndidrC@iporation
(R&D centre), Faridabad. Flash point test fuels determined by ASTM 3828 test method using AutomBtash Point
Apparatus (Stanhope-Seta: 33000-0). Carbon resifltest fuels has determined using Carbon Resicestef. Carbon
residue indicates the tendency of the fuel to faarbonaceous deposits and ASTM D189 test methodi$ed for its
determination. Bomb calorimeter (Parr, USA; 6208} lused for determination of the calorific valuetloé test fuels.
The constant volume spray chamber consists ofd@metrically opposite glass windows, which enaipécal access for

spray illumination and visualization.
SPRAY MODELLING

The organization of fuel-air mixture is of greatpiantance in the subsequent combustion process arsg$ien
formation. With the increasing concern of the eominental aspects, novel fuels and updated injecystems require
deep understanding of spray characteristics. Tharacy of spray modelling directly influences thefprmance of spray
strategies and injection system improvements. Timessignificance of spray modelling is increasynigighlighted and an

intensive development has been achieved in thédastlecades.

However, sprays are characterized by a broad rehgiee and time scales; the interaction betweeayspand the
surrounding gas is a complex two-phase flow. Thmake spray numerical simulation a challenging t#@sk.applicable
method is to introduce sub-models to describe tiftegsid scale physical phenomenon related to thaysprocess. In the

IC engine simulation, spray sub-models generaltfuitle atomization, drop drag and deformation, dbopakup and

| Impact Factor(JCC): 3.8965- This article can be dowloaded from www.impactjournals.us |




| 16 Arul Manij, Nagarajan P, Swaminathan G, Vignesh K & Saravana Bhavan |

evaporation, drop collision/coalescence, and spayinteraction. Developments in these sub-modélisbe discussed in

the following content. The spray regions adopteshiswn in figure 4.

secondary breakup

Figure 4: Spray Regimes Adopted

Firstly, it is necessary to describe the spraymegi As presented in a dense region exists nearddwe exit,
where spray atomization, drop collisions and caaaee are the dominant forms of the two-phase digzaar from the
nozzle, a dilute region can be seen where sprgysdrecome wide-spaced and their masses and vokandse neglected
compared to those of the surrounding gas. Betwblentwo regions is an intermediate region, where dhap/gas

interactions such as drop wake disturbances armrdafion become significant.

To describe the two-phase flow in the atomizationcpss, the Volume of Fluid (VOF) method, Eulerian
multi-fluid treatment and Discrete Droplet Model®l) Lagrangian method are currently the three majoproaches.
Using the VOF method which is an interface trackéipgproach, an accurate evolution of the gas-liqutieifaces and the
shapes and sizes of all the particles can be @atalout very grids are required to track everyrfatee, which limits its
application in IC engines. In the Eulerian multiifl approach, the liquid-gas phases are treatedrtuous phases and
are solved using the Eulerian description of arestde averaging method. However, to fully captire droplet size
distribution, an enormous number of grids are ream@sto denote each size group and thus this melteadmes
computationally expensive. The Lagrangian methaal particle tracking approach, in which the gasspha solved using
an Eulerian scheme and the parcels of droplet¢racked in a Lagrangian framework. By using the DOM coherent
liquid core can be efficiently discretized into gps of equally sized droplets and the numericdlsiién in the liquid

phase solution is greatly enhanced. Due to itsl&gipand steadiness, it is widely used in currgmtay simulations.
Primary Breakup Models

To employ the DDM Largrangian model, the initiahditions such as the drop size and velocity distidns at
the nozzle exit are essential to the accuracy mdyspimulation. These conditions are provided by phimary breakup
model. For high-speed atomizing sprays, the liqaallimn is disintegrated into drops and ligamenth wie combination
of inertia force, surface tension and aerodynarsiosar. Gosman summarized that the five major theaabout the
mechanism of the jet atomization included the dince of aerodynamic shear stresses (Kelvin-Hdimrstabilities).
Thus, spray atomization models were establishethbysingle theory or hybrid theories as mentionedva. The MPI

primary breakup model is shown in Figure 5.
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Figure 5: MPI Primary Breakup Model

Among the atomization models based on the hypathekithe disturbance of the aerodynamic forces, the
Kelvin-Helmholtz (KH) model and the Taylor Analo@®reakup (TAB) model are widely used in research ewoldistry.
The former model, proposed by Reitz, was derivedhfthe Kelvin-Helmholtz instabilities. This modedsamed that the
jet disintegration was caused by the surface diahre growth. While in the TAB model proposed br@uirke et al., it
was assumed that jet atomization was considerexh @nalogy to the spring-mass system, which wasrmétied by the
comprehensive effects of aerodynamic forces, liggudface tension and viscosity. The Blob-injectimethod of jet

atomization is shown in Figure 6.

Figure 6: Blob-Injection Method of Jet Atomization

A concept of “blobs” injection was the basis of¢hanodels, which was introduced by Reitz and Diwakar
the blob-injection method, the intact liquid wagnesented by a train of spherical blobs with thmesaize of the nozzle
hole diameter at the nozzle exit and the liquid gescted as large discrete parcels within thecintmre region near the
nozzle exit as presented in Additionally, it waswaeed to be indistinguishable for the liquid jebraization and the
subsequent drop breakup process. However, withangideration of effects of nozzle flow on the dsipe distribution,

the initial diameter of these blobs was under adjast by reference to experimental data.
Secondary Breakup Models

The Schematic of different styles of secondary kupas shown in Figure 7.
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Figure 7: Schematic of Different Styles of SecondgrBreakup
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The drops detached from the continuous liquid jedego the secondary breakup process and are rfurthe
disintegrated into even smaller drops. Ohnesorgeben and Weber number (We) are widely used forctiteria of the
secondary breakup mechanism. Ohnesorge numbefiigsemsionless number that relates the viscous axwénertial and

surface tension forces. For the general liquid @heesorge number is below one.

Under this circumstance, according to the Weberbmarmthree main mechanisms were proposed by Lig]{10
bag breakup @We<80), stripping breakup (8We<350) and catastrophic breakup (We>350). Basetth@TAB model,
an Enhanced TAB (ETAB) model was addressed by Trarinethe ETAB model, according to the specific ddep
mechanism (bag or stripping breakup), the drogperienced a cascade breakup by an exponentialiéixthe product

droplets reached a stable condition. Thus, thetapaof droplet size was extended compared to #ig model.

For a better prediction in the average velocityhef product droplets, the radial component of tleelpct droplet
was determined by the energy conservation. Furtther,Cascade Atomization and drop Breakup (CAB) ehadas

proposed by Tanner for extending the applicablgedn the catastrophic breakup mechanism.

In addition, with the introduction of continuity tveeen different regimes, the number of model cansteeduced.
The Dynamic Drop Breakup (DDB) model was proposgdhnahim ET. Al. and considered as a nonlineamiation of
the TAB model. In the DDB model, the droplet brgakesulted from its excessive elliptic deformatiémcontrast with
the TAB model, the deformation was definedas thdionoof the mass centre of the half-drop insteadhef droplet

equator. However, the strong grid dependency sfrifodel limited its application.

The Rayleigh-Taylor (RT) model was addressed byeSal. on the basis of the RT instability theoryheT
disintegration of the droplet was a catastrophe&akup due to the deceleration of the droplets chbgehe aerodynamic
force. The KH-RT hybrid model was a combinatiorited KH and RT models, where the KH model alone wgesl for the
primary breakup simulation and the both models wesed for the secondary breakup simulation. Thidehaas widely

used for diesel sprays.
EXPERIMENTATION

The schematic diagram of Spray visualization expenit is shown in Figure 8.
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Riirer UV Nikkor  high speed camera
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stainless platform  Bjacqrical heater

Figure 8: Schematic Diagram of Spray VisualizatiorExperiment

The Injector holder and head of the combustion diearare shown in Figure 9 (a) and (b) respectively.
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Figure 9: (a) Injector Holder (b) Head Combustion CGhamber
A six-hole solenoid fuel injector (with 169 Im ndezorifice diameter) has installed on the side diarof the
chamber, in order to facilitate fuel injection irtiee chamber. The fuel injection equipment consi$ta high pressure
pneumatic pump (Maximator; G300 LVE), a common (RIELPHI-TVS; Rail — 2.2 TML), high pressure fugiés and an
injector driver system (NI; CompactRIO-9022). Na&zopening pressure of the solenoid injector hastaiaied at 1000
bar using high pressure pneumatic pump. The teds fare supplied to the solenoid injector usingigh Ipressure
common-rail system. Two white light sources (NaBaésr, RDL 24W) are used to illuminate the fuel detpin the spray
chamber. A high speed camera (Photron; Fastcaml$hads used to capture the light scattered byuskspray droplets
during injection. The Constant Volume Combustiora@ber (CVCC) assembly and top view are shown imr€id0 a)

and b) respectively.

Figure 10: Constant Volume Combustion Chamber (CVC(¢a) Assembly b) Top View
RESULT & DISCUSSIONS

Triggering pulse of fuel injector has synchronixegth the camera to eliminate the time lag betweesi iinjection
and images capture. During the experiments, tertyreraand pressure in the constant volume spray lobarare
maintained at 25 C and 10 bar respectively. Theg@naare captured using high speed camera, andattaysed using
Matlab to determine the spray penetration lengpinays cone angle and spray area. The injection idurgtulse is kept
constant at 3 ms for all experiments. One fixedanfa(at 0.9 ms) is considered for the macroscopiadyais. The high
speed camera has set at frame speed of 10,00050s000 shutter speed (fpl) with 768x768 resatutio

However, experiments are performed using a mechbimjector with 220 bar fuel injection pressuréis study
included comparison of spray results obtained ftbese experiments with the injector nozzle holeutation results for
mineral diesel, Karanja biodiesel and blends, attbgha biodiesel and blends. Simulation resuksadtained for fluid
velocity and vapour fraction profiles inside thgeirior nozzle hole. Experimental work is carried ati an ambient
pressure of 10 bars. This is done for the sakeoofparison with simulation study, which is also datelO bar ambient

pressure.

The images captured are used to evaluate macrassppily parameters. Spray visualization imagesigeov
gualitative information about the spray evolutiaattprn for this test fuels. There are various maghitvat can be used to

capture the spray and combustion images withircéimbustion chamber.
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Different methods provide different information. ibig visualization methods, macroscopic parametetsgdcbe

determined. However, for combustion characteristtigdies, visualization technique is very usefulgathering the

information from the combustion chamber.

CONCLUSIONS

In order to study macroscopic spray characterisdiod auto-ignition properties of different type rajzzles, a

constant volume combustion chamber has been mantddcand diesel engine conditions are obtaineglddrexperimental

setup. A CCD camera has been used to obtain sprageis and a digital imaging program has been usexbtain

corrected images. Digitalization allows objectivelgtermining spray characteristics. Experimentallts are compared

with well-known spray correlationsin the literature
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