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ABSTRACT

In diesel combustion, spray evaporation and mixfarenation during ignition
delay period play an important role in ignition,ndoustion and emission production.
Spray evaporation begins immediately after stafuef injection under the condition of
high ambient temperature, in particular, at thediladf the spray. Spray atomization is
fast promoted at this region, leading to ignitidihe ambient temperature and injection
pressures affect the droplets size and the nunflaoplets. In this project, the fuel will
be injected at various injection parameters insigdey chamber in order to study the
affect of that parameter towards spray characiesisfn analysis study was performed
to investigate the macroscopic spray structure thedspray characteristics of high-
pressure injector for the diesel engine. The spsgucture and microscopic
characteristics of high-pressure diesel injectorewsvestigated when fuel was injected
at various injection pressures and different norzdeneter. Spray developing process,
spray cone angle and spray tip penetration werairgdd by using the software
simulation of ANSYS-FLUENT, and the quantitativesué of spray characteristics will
be analyzes.
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ABSTRAK

Dalam pembakaran diesel, penyejatan semburan daftgpdukan campuran
dalam tempoh lengah memainkan peranan yang pedgétgm sistem pencucuhan,
pembakaran dan pelepasan. Penyejatan semburan lderseuta-merta selepas
permulaan suntikan bahan api di bawah keadaan auinien yang tinggi, khususnya,
pada pertengahan semburan. Pengabusan sembuaal dergntau ini, yang membawa
kepada penyalaan. Suhu ambien dan tekanan suntikampengaruhi saiz titisan dan
bilangan titisan.Dalam projek ini, bahan api akasudtik pada pelbagai parameter
suntikan di dalam kebuk semburan untuk mengkajakgsarameter tersebut terhadap
ciri-ciri semburan. Satu kajian analisis telah klikan untuk menyiasat struktur
semburan makroskopik dan ciri-ciri semburan suntigada tekanan yang tinggi untuk
enjin diesel. Struktur semburan dan ciri-ciri mkopik pada tekanan tinggi suntikan
diesel telah disiasat apabila bahan api disuntitappelbagai tekanan suntikan dan
muncung diameter yang berbeza . Proses membangusdé@uran, sudut kon
semburan dan panjang semburan telah diperolehedemgnggunakan perisian simulasi
ANSYS-FLUENT,dan keputusan ciri-ciri semburan yang pelbagai akamalisis.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

In the diesel engine, combustion and emission cheriatics are influenced by
fuel atomization, nozzle geometry, injection pressishape of inlet port, and other
factors. In order to improve fuel-air mixing, it isiportant to understand the fuel
atomization and spray formation processes. So ft@arimprove the combustion
performance and particulate emissions, many relseggchave investigated the
characteristics of the spray behavior and strucfarethe high-pressure injector by
experimental and theoretical approaches. Howevanynstudies about the detailed
information of atomization characteristics and gpdeveloping process of high-
pressure diesel spray were still needed.

1.2 PROJECT BACKGROUND

In diesel combustion, spray evaporation and mixfareation during ignition
delay period play an important role in ignition,ndoustion and emission production.
Spray evaporation begins immediately after staftief injection under the condition of
high ambient temperature, in particular, at thedi@df the spray. Spray atomization is
fast promoted at this region, leading to ignitidhe ambient temperature and injection
pressures affect the droplets size and the nunflokoplets. In this project, the fuel will
be injected at various injection parameters insgeay chamber order to study the
affect of that parameter towards spray charactesisfccurate control of diesel spray
parameters (timing, delivery, flow rate, presswgray geometry, so on.) is the most



effective means to influence fuel and air mixingl aa achieve both clean burning and
high efficiency. The ANSYS —FLUENT software has besed to investigate the spray
characteristic development after injection withigas high pressures.

The impingement of diesel spray onto interposedasas in an IC engine,
equipped either with a direct or an indirect inj@etsystem, is a fundamental issue
affecting mixture preparation prior to combustiordatherefore, also affecting engine
performance and pollutant emissions. In this cdntédre development of diesel spray
systems relies on accurate knowledge of the flyidadhic and thermal processes
occurring during spray. Injection systems howevare very complex and the
background physics requires fundamental studiesfonpeed at simplified flow
geometries. In particular, the impact of individdabplets and spray characteristic has
been extensively used to describe the behaviorpodysimpact and to predict its
outcome, despite the known fact that a spray doebehave exactly as a summation of
individual droplets; then, researchers incorporatethe governing parameters. The
present paper offers a critical review of the inigadions reported in the literature on
spray-wall impact relevant to IC engines, in arempt to address the rationale of
describing spray-wall interactions based on thewkedge of single droplet impacts.
Moreover, although the review was first aimed a&i-&pray impingement in IC engines,
it also became relevant to provide a systematizaifdhe current state of the art, which
can be useful to the scientific community involweith droplet and spray impingement

phenomena.

1.3 PROBLEM STATEMENT

Researchers are exploring ways to reduce polldbomation in the engine by
using clean combustion strategies. In the diesginen combustion and emission
characteristics are influenced by fuel atomizatimozzle geometry, injection pressure,
shape of inlet port, and other factors. In ordantprove fuel-air mixing, it is important
to understand the fuel atomization and spray faonaprocesses. The ANSYS -
FLUENT software has been used to investigate theysgharacteristic development.



1.4

1.5

OBJECTIVES

The objectives of this project are:

0] To investigate the tip penetration of spray ataasiinjection parameters
and different diameter of SAC nozzle.

(i) To investigate the cone angle of spray at varioysction parameters
and different diameter of SAC nozzle.

(i)  To investigate the spray developments

SCOPES OF WORK

The scopes of the study are:

0] Measurement of diesel spray cone angle at vargarameters.

(i) Comparison and measurement of spray penetragmgth at various
parameters.

(i)  Comparison of spray geometry including thevel®epment of liquid

phase and vapor phase area.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

The literature review had been carry out with refiee from sources such as
journal, books, thesis and internet in order tdhgaall information related to the title of
this project. This chapter covers about the previexperiment doing by researcher and
to go through the result by experimental and nucaériToday, adoption of diesels in
the world would decrease the nation’s petroleumsamption. However, diesels emit
much higher levels of pollutants, especially patate matter and NOx (nitrogen
oxides). These emissions have prevented more nantges from introducing diesel

passenger cars.

Researchers are exploring ways to reduce polldtbomation in the engine by
using clean combustion strategies. A key compornienthe development of clean
combustion is controlling the fuel spray and fuelfmixing. In the diesel engine,
combustion and emission characteristics are inflednby fuel atomization, nozzle
geometry, injection pressure, shape of inlet pamt other factors. In order to improve
fuel—air mixing, it is important to understand tluel atomization and spray formation
processes. So far, to improve the combustion padace and particulate emissions,
many researchers have investigated the charaatsrief the spray behavior and
structure for the high-pressure injector by expental and theoretical approaches.
However, many studies about the detailed infornmatdd atomization characteristics

and spray developing process of high-pressure Ipsay were still needed.



Spray structure and atomization characteristicsdigfsel spray have been
investigated by Dennis (1998), Maruyama (2001)ikeka (1996), Nimura (1996) and
Farrell(1996). They reported that the charactessaf fuel spray for the fuel injector
obtained by using the shadowgraphs and particlgemalocimetry at various chamber
conditions. Yeom (2001) and Su (1996) compared raxeatal results with numerical
ones about spray shapes, axial mean velocity, aghmdroplet diameter. In original
KIVA code, the breakup of droplet is calculatedmtihte Taylor analogy breakup (TAB)
model. In order to improve the calculation accuratye breakup model of injection
spray is modified by introducing Kelvin—Helmholtndh Rayleigh—Taylor (KH-RT)
model used by Su and Beale and Reitz .In spitdhedea studies, it is still needed to
improve the breakup model and verify the predict=iilts. The objective of this work
is to investigate the effect of injection pressamed temperature ambient on the
macroscopic spray behavior and atomization chamatits of high-pressure spray the
common rail type diesel injection system. The fesi used in this experiment was
diesel fuel with the density of 880 kgirand kinematic viscosity of 2.5 x £an?/s. The
injection pressures selected here were 60, 70,8a@nMPa. Ambient conditions were
atmospheric pressure and room temperature forhalltést cases. The nozzle hole
diameter was 0.3 mm and the depth was 0.8 mm, whigkes the nozzle L/D ratio
about 2.67 according to Chang Sik Lee and Sung Wraok,(2002).

In this study, the fuel will be injected at variougection parameters inside
spray chamber in order to study the affect of tiparameter towards spray
characteristics. Macroscopic behaviors of the feiglay such as process of spray
development, spray penetration and spray cone amgte taken in the conditions at
various injection pressures. Accurate control oésdl spray parameters (timing,
delivery, flow rate, pressure, spray geometry, B0 & the most effective means to

influence fuel and air mixing and to achieve bd#an burning and high efficiency.



2.2 SPRAY CHARACTERISTIC

—

Break up
length

bpray tip penetration
|

Figure 2.1: Physical parameter of a diesel sprays.

[Source: Hiroyasu & Arai, (1990)]

Figure 2.2: Spray width.

[Source: S. H. Park et al, (2003)]



2.3 FUEL INJECTION SYSTEM

The fuel injection system needs to provide differeperating modes for the
different loads. Fuel injection pressure is veryhhiThese higher pressure values allow
a higher penetration and reduce the mean dropkineater determining a better
atomized spray and a good penetration. Too higacimgn pressures will enhance
atomization but at the same time produce an oveetpating sprays and wall wetting
problems, especially when a sac volume is pregemtthe unthrottled part-load case, a
late injection is needed in order to allow stratificharge combustion, with a well
atomized compact spray to control the stratificatid well dispersed spray is desirable,
with bigger cone angle and a conical shape. As ioeed before the higher injection
pressure is necessary to reduce the Sauter meaaetdia(SMD) of the liquid spray. To
better characterize the spray size distributionDN@O0 statistic may also be introduced,
which is a quantitative measure of the largest létspin the spray. It is the droplet
diameter corresponding to the 90% volume pointit gpves a measure of the droplet
size distribution spread. GDI injectors can eitber single fluid or air-assisted (two
phase) and may be classified by atomization meshaifsheet, turbulence, pressure,
cavitations), by actuation type, nozzle configunati(that can be either swirl, slit,
multihole or cavity type), or by spray configurati¢hollow cone, solid-cone, fan, multi-
plume).Rossella Rotondi and Gino Bella,( 2005).

2.4 SPRAY PENETRATION

The spray penetration is defined as the maximutamiie from the nozzle to the
tip of the spray at any given time and is one efriost important characteristics of the
combustion process as shown in Figure 2.1. If grayspenetration is too long, there is
a risk of impingement on the wall of the combustaramber, which may lead to fuel
wastage and the formation of soot. This normallguos when the chamber wall is cold
and where there is limited air motion. Howeverhars penetration will reduce mixing
efficiency hence resulting in poor combustion. Hertbhe information of spray tip
penetration would be useful for the design of thgime combustion chamber. The



dependence of penetration on injection parametédferatl significantly from one

investigation to another.

Increasing the ambient pressure was shown to deetba spray tip penetration
as well as the break-up length. Changing the anléamperature had a minor effect on
the spray tip penetration, due to a correspondedggation in ambient density. However,
a reduction in the spray angle was observed athiggmperatures, suggesting that the
evaporation of the droplets were confined to trggare on the periphery of the spray.
Hiroyasu and Arai (1990).

The effects of ambient gas density and fuel vaption on spray penetration
were examined by Naber and Siebers (1996). Theyspneere generated with an
electronically controlled, common-rail, single-haigector. The injection pressure was
137 MPa and the diameter of the nozzle hole was70m@m. A high-speed camera was
used to record the behavior of the sprays in ataafsolume combustion chamber.
The ambient density was varied between 3 and 20®-RgThe most noticeable trends
are the decrease in penetration with an increaseninient density and the decreasing
rate of penetration with time. The effect of vapation was to reduce the penetration.
The reduction is as much as 20% at the low densmyditions. The effects of

vaporization became smaller for longer penetratistance and high gas density.

2.5 SPRAY CONE ANGLE

The spray cone angle from Figure 2.1 is definedhasangle formed by two
straight lines drawn from the injector tip to theter periphery of the spray Hiroyasu &
Arai, (1990), Lefebvre (1989). According to Nabed&iebers (1996), the definition of
the spray angle and the spray penetration are depeon each other.

The spray cone angle is a qualitative indicatdnaf well the spray disperses. It
is influenced by the nozzle dimensions, the ligpidperties and the density of the
medium in which the spray is introduced. The infice of the nozzle aspect ratio (L/D)

on the spray angle was examined by several resrarc®himizu (1984) showed that an



L/D of approximately 4 or 5 gave the maximum congla and shortest break-up length
and also that an increase and decrease of L/D gepectively a smaller cone angle
and longer break-up length. The effects of kineanacosity and injection pressure on
the spray cone angle were examined by HiroyasuO)19%ey found that spray angles
were widened by a reduction in liquid viscosity adincrease in injection pressure,
before stabilizing after reaching a maximum vallige increasing of cone angle will be
effect the width of spray. From Figure 2.2 the Widf spray is measured at horizontal
spray by looks below the spray images or chamberaaximum width or distribution of

spray. The spray width defines how well the spriapetses. S. H. Park et al, (2003).

2.6 DROPLET SIZE DISTRIBUTION

From Figure 2.1 the droplet size distribution (DSBD)sprays is the crucial
parameter needed for the fundamental analysiseofrémsport of mass, momentum and
heat in engineering systems. However, the DSD ohtexs the quality of the spray and
consequently influences to a significant extent ghecesses of fouling and undesired
emissions in combustion Hiroyasu and Arai (1990he Tdiameter of the droplets

obtained as a result of atomization is based a@riassof parameters as follows:

0] Rate of injection: the diameter of the droplet eages with the rate of
injection as an increase in the volume of the te@diquid produces a
greater drag of the working fluid, the aerodynamteraction grows and
the critical size of the droplets increases. Apantn this, increasing the
numeric population of droplets intensifies de cead#ce, resulting in a

growth in the geometry of the droplets.

(i) Density ratio (*): the relation of densities has two opposing efeon
the size of the droplets, intensification of atoati@an and the possibility
that there will be coalescence. On increasing etegionship of densities
a greater aerodynamic interaction exists, whichseauhe droplets to
slow down and an increase in the numerical popnati their field.
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(i) Working fluid temperature (Tg): on increasing wiokfuel temperature
there is an increase on the rate of evaporatioe, tduwhich at the
beginning of this the droplets with small diametegad to evaporate
completely while those droplets with greater diaanemaintain a stable

geometry until they evaporate completely.

(iv) Evolution of the diameter of droplets during timi's generally
considered that the medium diameter of the dropletseases at the
point of the spray and increases at the tail, wihilereas distant from the
injector they maintain a rate of constant valuesné&ally speaking, the
sizes of the droplets tend to diminish at the baigip of the injection and
grow at the end. Fausto A. Sanchez-Cruz et al,5R00

2.7 BREAK UP LENGTH

The break up length of the spray as shown in Figuieis a very important
characteristic to define the behavior of the sprnathe combustion chamber. This zone
of the spray is also called continuous or statipraud it is understood as being from the
nozzle exit to the point where the separationdeffirst droplets occur. To define this
zone the use of diverse measurements methods @mudees is of vital importance. In
the literature we find some of the most useful meament methods and techniques in
the analysis of the break up length, Hiroyasu &I A{E90), Arai et al., (1984)

2.8 EVOLUTION PROCESSES OF GLOBAL SPRAY

Figure 2.3 shows the comparison between experiessalts and predicted
results of developing processes of global sprayh different injection pressure. The
computed two-dimensional slice images are also shawthis figure, and a reasonable
agreement between photographs and calculationgtaned. It is observed that the
droplets near the main spray are dispersed moidlyapith the increase of injection

pressure. At the beginning stage, the main strefitieo spray shaped like a spiral
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vortex and the spray shape of the end point isninégg to collapse due to the drag.
When the spray moves downstream, the droplets wanelpositioned outside the main
spray breakup into small ones prior to the insidepléts because the relative velocity

between spray and the ambient gas in the outsgiernrés large .

This phenomenon is explained more clearly in thraysflow field of Figure 2.4,
in which the predicted gas flow field is shown wikie droplet size distribution of spray.
For this plot, the computed velocity vectors aneroduced with a coarser grid system
using post processor. After the injection the galaity increased due to droplets with
high velocity as shown in Figure 2.4(a), and tHatiee velocities of droplets injected at
later stage are decreased. And droplets causeathBogv to circulate through the spray
as shown in Figure 2.4(b). Chang Sik Lee and SungRNPark,(2002).

Time after| P, = 60MPa P,, = 80MPa
Injection
(msec) Experiment | Cakulation| Experiment | Caleulation

I .

0.2

0.6 rT‘ é m é

Figure 2.3: Spray development of high-pressure diesel injector

Sk

[Source: Chang Sik Lee, and Sung Wook Park,(2002),]
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Figure 2.4: Spray induced gas entrainment according to tirtex afjection.

[Source: Chang Sik Lee, and Sung Wook Park,(2002)]

29 SPRAY SIMULATION

Sprays have always been a challenge for fluid nesdelSprays that occur
within direct injection engines are typically conga@d of a very large number of
droplets. Each droplet has unique properties arsdibgect to complex interactions that
are a function of those properties. Due to limitednputational resources, it is nearly
impossible to take into account each individualptiebin a computational simulation. A
variety of strategies has been formulated overytdaes to address this problem. While
detail varies from to model, most of these straedall into two basic categories:
Eulerian-type and lagrangian-type formulation. Sta#ey bauman, (2001).

The Eulerian-type formulation represents the spiigg continuous fields on the
same computational grid as is used for the amUiamd. This formulation is often
chosen for its simplicity and ease of implementatidue to the semi-continuous nature
of its formulation, spray properties are typicatquired to remain uniform, such as
isothermal droplets and uniform droplet radii, ay follow other simplifying

assumptions. Diverse droplet properties can bentakto account by maintaining
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multiple fields and transport equations. This tigalmost appropriate when concerned
about macroscopic behavior of the spray on scaleshrtarger than the average droplet
spacing or on scales on the order of the spraytgioe length. However, the Eulerian

approach suffers from numerical diffusion, partacly on coarse grids. Sara dailey
bauman, (2001).

The lagrangian-type formulation is based on afarticle model introduced by
Dukowicz. The spray is represented by a collecbbrtomputational particles. Each
particle in turn represents a parcel of spray drspthat are assumed to have identical
properties such as position, velocity, densityjusdand temperature. Often referred to
as the discrete droplet model or stochastic partmbdel, this formulation is more
resistant to the numerical diffusion inherent iseani-continuous field representation. If
appropriately chosen probability distributions ased to define particle properties, an
adequate statistical representation of realisticayg may be obtained when a
sufficiently large number of computational partglare used. In the limit of single
droplet per particle and assuming appropriateahdonditions are known, this type of
formulation approaches the ideal conditions for wdating the spray. Sara dailey
bauman, (2001).

2.10 SOFTWARE SIMULATION

Nowadays computational fluid dynamics (CFD) playskey role for the
optimization of the combustion process in diregection (DI) diesel engines. Despite
their great uncertainties compared to the experahestudies, numerical simulations
permit carrying out extensive parametric studieslating every single variable
involved in the general process at any point inetiand at any position in physical
space. Modeling also allows one to artificially aegie specific sub process in example
spray atomization, evaporation, diffusive combustiand emissions from the others
that would interact in the real system or to inigzde the effects of unnatural boundary
conditions on such processes, in order to bettdenstand the combustion process in
engines. Basically, engine simulation models carclassified into three categories,

depending on their complexity and increasing rexqugnts with respect to the
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computational power: thermodynamics and phenomeigab models, and the
multidimensional models used in the so-called CeBes. ANSYS CFD (FLUENT) is
a commercially available 2D-3D computational flulynamics (CFD) code. J. M.
Desantes et al, (2009).

The thermodynamic codes assume that the cylindargehis uniform in both
composition and temperature, at all times during ttycle. These models are
computationally very efficient but cannot providesight into local processes such as
the spatial variation in mixture composition andnperature, essential to predict
exhaust emissions. Phenomenological spray and cstrnfhumodels are more complex
than the thermodynamic models since they divide ¢benbustion chamber into
numerous different zones, characterized by diffetemperature and compositions. In
the multidimensional CFD-codes the full set of eliintial equations for species, mass,
energy, and momentum conservation are solved ozlatively fine numerical mesh
with the inclusion of models to account for theeets of turbulence. As a result, these
models are best suited to analyze the various alébprocesses of mixture formation
and combustion with great detail. J. M. Desantes, €2009).

2.11 COMPUTATIONAL FLUID DYNAMIC (CFD)

Computational Fluid Dynamics or CFD is the anaysf systems involving
fluid flow, heat transfer and associated phenonseica as chemical reactions by means
of computer based simulations. Computational Hiydamics is basically a tool in the
form of a software package which treats the flugd keeing broken up into small
volumes, and applies a suitable algorithm to stieNavier Stokes equations of flow
motion. Versteeg and Malasekera,( 1995) Computatibiuid Dynamics (CFD) itself
emerged as a tool to cut cost and time by doingyawigh costly experiments to
produce better, more efficient engineering desigmqractise, some experimental data
or theoretical calculations will still be neededverify at least the unit or benchmark
case, and possibly if time and money permits thal esign as well. Experimental data
is also often needed for input in CFD simulatidios,example in setting the boundary

conditions of the model. Theoretical calculatiorssdd on simple models are always
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useful, providing back-of-the-envelope estimates tmoundary conditions and
sometimes results expected. This shows that ameagiwill never do away with
experiments and theoretical calculations and tpt@dipend on simulations .Anderson
(1995).

This study utilizes a commercial CFD package, FLOBN.1.22, which solves
conservation equations for mass and momentum. $neckow involved is gaseous and
fuel at a high enough pressure to cause apprecinisity change and shock waves,
additional equations for energy conservation (usidgal gas) and also species
conservation are solved. The species conservatjoiatien is used to represent the
different chemical components involved, namely rag#h representing the CNG fuel
and the surrounding air into which the fuel is atgal. Additionally, transport equations
are also solved since the flow is turbulent. A# governing equations used are listed in
the following section. For all flows; FLUENT solvesnservation equations for mass
and momentum. For flows involving heat transfercompressibility, an additional
equation for energy conservation is solved. Fowsdlanvolving species mixing or
reactions, a species conservation equation is daveif the non-premixed combustion
model is used, conservation equations for the mexfuaction and its variance are

solved. Additional transport equations are alsgesbwhen the flow is turbulent.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

The methodology had been done right after thewvattin and objectives of the
project were identified. This methodology functidres guidance in order to complete
the project given. The completed structure of mathagy had been illustrated and
planned as guideline to achieve the objectiveshef project. Computational Fluid
Dynamics or CFD is the analysis of systems invavfluid flow, heat transfer and
associated phenomena such as chemical reactionmdans of computer based

simulations.

3.2 FLOW CHART OF METHODOLOGY

3.2.1 Simulation

Figure 3.1 shows the flow chart of the project. Phneject starts with literature
review and research about title. These is congistinreview of the concept spray
process, fuel properties, injection characteristgzsftware used, and spray modeling.
These tasks have been done through research diodike journal, technical repot and

others sources.
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Figure 3.1 Flow chart.
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> PSM 1

> PSM 2

After gathering all relevant information in Figu®l above, the project

undergoes to spray model. In this step, from thewkadge gather from the review is

use to design the nozzle injector and chamber ina2id other to complete the system

spray. After completing the spray model and mesbintpe model, the simulation will

be running using ANSYS-FLUENT software. All reswill be record. If something

errors or problems on this step, the spray moddl mvodified until no error or

problems.

The next step is analysis result. Result from satioth will be measure and

analyze. The result of simulation includes the itigatomization, and characteristic of
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different injection pressure and sac nozzle size $ipray angle and spray penetration.
The different injection pressure use is 70 MPa &8d MPa, and the sac nozzle sizes

are 0.2mm, 0.4mm and 0.6mm.

All the information will be made into the report,here all materials from
beginning will be. The report writing process whié guided by the UMP final year
project report writing. This process also includbd preparation of slide for the final
presentation. The project ended after the subnmssib the report and the slide

presentation has been presented.

3.3 INJECTOR

NOZZLE

TEFLON O-RING °PRING coiL
RING SOLENOID

(INTERNAL)

v

SEAT NOZZLE
WASHER NEEDLE
(INTERNAL)

Figure 3.2:Injector.

Figure 3.2 show a disassembled of GDI Bosch Injesthowing the spring and
armature, part of the opening and closing mecharis$rma nozzle needle spans from the

nozzle seat to the spring.

The injector is controlled electronically. The dleaic controller can supply

varying pulse widths to the injector solenoid dteatlent time intervals. The pulses are
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programmed to give single, multi or continuous shdVhen an electric current flows
through it, the coil generates a magnetic fieldohhihen causes a needle valve to lift
0.14 mm away from the nozzle seat, allowing fudlda into the combustion chamber.
The fuel flow rate is controlled by the Pulse Walthn the original gasoline engine
control system for the HDEV Bosch injector, thegas can be varied according to input
from several sensors in the control system (DI-Motr). Typically, there are three
modes of injection, lean, stoichiometric and honmageis for light, moderate and heavy

load conditions.

One of the objectives of the analysis is to asoeitaages flow of injection,
spray cone angle and spray penetration from diitehggh pressure of injection and

different size of nozzle with CFD simulation.

3.4 STEPS OF SIMULATION

3.41 Geometry

The design of high pressure chamber and injectias design in 2D by
ANSYS - fluent software. Figure 3.3 show the desfhigh pressure chamber injector.
The high pressure chamber was designed with redi@nghape with 60mm x 100mm
of dimension. This model was generated to geometrANSYS Workbench. The
material of model was set to fluid. Figure 3.3 bekhow the model consist with 4 main
surfaces, such as pressure inlet, pressure owdditand axis. The straight yellow line
was set as pressure outlet and the blue line waassgressure inlet. The axis for half
design was set as green line and the wall on red Trhe 2D design in half is used to

easy and quick process in running of simulation.
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Figure 3.3 spray model and geometry.

3.4.2 Meshing

The Figure 3.4 shows the mesh of model. The moded meshing with
automatic mesh in ANSYS CFD. The enlarged nozzjgreis shown below the mesh
showing the entire flow domain. Grid sensitivityngoutations by Liet al. (2004)
indicated that at least 10 cells across the nozxzléce were needed for grid
independence. This was consistent with the gridmewendations of Abraham (1997).
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8 Project
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Figure 3.4 Meshing.

3.4.3 Setup

After mesh, Setup was used to launch the apprepepplication in ANSYS

Fluent. All parameters like load, boundary condhtitype of material, and otherwise

were insert in this setup.

b)

0] General

Check the mesh. ANSYS Fluent was performed varahiesks on the mesh and
report the progress in the console. Ensure thargperted minimum volume

was a positive number.

Reorder the mesh in Figure 3.5. To speed up thei@o procedure, the mesh
should be reordered, which substantially reduce blamdwidth. ANSYS
FLUENT was reported the progress in the console.
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>»> Reordering domain using Reverse Cuthill-McKee method:
zones, cells, faces, done.
Bandwidth reduction = 32497/697
Done.

46.62

»» Reordering Zones.
cell zones...done.
face zones...done.
Done.

Figure 3.5: Reorder report.

(i) Models

Enable heat transfer by enabling the energy equati&igure 3.6.

EXR Energy R

Energy ) ‘

[+ Energy Equation

O | |Cance|| I_ Help ]|

Figure 3.6 : Energy dialog box.

Enable the realizabld:- eturbulence model in Figure 3.7. Select k-epsil®dn (
egn) in the Model list. Select Realizable in theedsilon Model list. The
realizable k- emodel gives a more accurate prediction of the siingarate of
both planar and round jets than the standkrd emodel. Retain the default
selection of Standard Wall Functions in the NeaVWWeeatment list. Click OK

to close the Viscous Model dialog box.
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Viscous Model ﬁ
e — i | —
Model ~ Model Constants
_ Inviscid C2-Epsilon
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@ k-epsilon {2 eqn) TKE Prandil Number [0

) k-omega {2 eqn) - - I3

7 Transition 55T {4 egn) TDR Prandt Mumber

Ex 1 1
1 Transition k-4d-omega {3 egn) | ‘
| 1.7 =

7 Reynolds Stress (7 eqn)
(71 Detached Eddy Simulation {DES)

) Large Eddy Simulation (LES) Energy Prandt Number

k-epsilon Model | 0.85
) Standard =
) RNG Dt i fiiac dl Foinic Tigeed
I (@) Realizable | Turbulent Viscosity
Mear-Wall Treatment - [”"”E ) |
| @ Standard Wall Functions [ Prandt and Schmidt Mumbers

7 Mon-Equilibrium Wall Functions
(71 Enhanced Wall Treatment
(71 User-Defined Wall Functions

TKE Prandt Number
| none vl

TDR Prandt Mumber

Options

_____ |r10r1e v] —
[ viscous Heating Energy Prandt Mumber
|none v] il i
| oK | | cancel | | Help |

Figure 3.7: Viscous model dialog box.

Enable chemical species transport and reactionignré& 3.8. Select Species
Transport in the Model list. Select diesel-air frdhe Mixture Material drop-
down list. The Mixture Material list contains thet ©f chemical mixtures that
exist in the ANSYS FLUENT database. The chemicacss in the system and
their physical and thermodynamic properties weffendd by the selection of the
mixture material. Click OK to close the Species Miodialog box.
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Figure 3.8: Species model dialog box.

Define the discrete phase modeling parametersguar€i3.9. Enable Interaction
with Continuous Phase in the Interaction group bbiis was included the
effects of the discrete phase trajectories on th@imuous phase. Retain the
value of 10 for Number of Continuous Phase Iteregtiper DPM Iteration. Click
the Physical Models tab to enable the physical tsod@aable Droplet Collision
and Droplet Breakup in the Spray Model group borsuEe that TAB was
enabled in the Breakup Model list. Retain the diéfealue of O for yO and 2 for
Breakup Parcels in the Breakup Constants group box.
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Interaction Partice Treatment
[#] Interaction with Continuous Phase [#] Unsteady Partide Tracking
[ Update DPM Sources Every Flow Iteration Track with Fluid Flow Time Step
Mumber of Continuous Phase [1g = Inject Particles at
Iterations per DPM Iteration =

Particle Time Step
Fluid Flow Time Step
Partide Time Step Size (s) [ ggo1
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=

Clear Partides

Tracking Physical Models ] uDF | Numerics] Parallel

Options Spray Model
] Thermophoretic Force [¥] Droplet Collision
[ Brownian Motion [¥] Droplet Breakup
[ saffman Lift Force Breakup Model Breakup Constants
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[] Two-Way Turbulence Coupling () Wave
) = Breakup Parcels [ o 3]
=
Ok | IInjections. i J l Cancel I | Help

Figure 3.9: Discrete phase model dialog box.
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Click the Tracking tab to specify the Tracking Raegers in Figure 3.10. Retain
the default value of 5 for Step Length Factor. &etbynamic-drag from the
Drag Law drop-down list in the Drag Parameters grbax. The dynamic-drag
law was available only when the Droplet Breakup elagas used. Retain the
Unsteady Particle Tracking option in the Partickedfment group box. Enter
0.0001 for Particle Time Step Size. Retain the wlefzalue of 1 for Number of

Time Steps. Click OK to close the Discrete Phasédfidialog box.

Tracking ] Physical Models] UDF ] Numerics] Parallel]

Tracking Parameters Drag Parameters
Max. Mumber of Steps Drag Law
| 500 % dynamic-drag -

7] specify Length Scale
Step Length Factor

(=]
s =

[ Ok ] [Injectinns...] [ Cancel ] [ Help ]

Figure 3.10:Tracking tab dialog box.
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Create the spray injection in Figure 3.11. Thip stefined the characteristics of
the atomizer. Click the Create button to open teel§ection Properties dialog
box. Select single from the Injection Type drop-aohgt. Select Droplet in the
Particle Type group box. Select diesel-liquid frtme Material drop-down list.
Enter 0, 0, and 0 for X-Velocity, Y-Velocity, arftVelocity, respectively, in
the Point Properties tab. Enter 263 K for Tempeeatinter 1.785e-3 kg/s for
Flow Rate. Retain the default Start Time of 0 s anter 0.002 s for the Stop
Time. For this problem, the injection should begint = (0land not stop until
long after the time period of interest. A largeueafor the stop time (e.g., 100 s)

ensures that the injection essentially never stops.

B seovee: S ==

Injecton Mame
mection-0

Iniection Type
|singe =]
Particle Type Laws

Massless % Inert @ Drophet Combusting Multbcomponent [T Custom
Material AT ot g SoeCie Disorete Phase Doman
[ w| e [— -|

Evaporating Species
|cagha2 -

II Paint Properiies | Turbulent D&sr_-cmm' Wet Combusban {curum:n:sl UDF | Multple Reacbons

Diameter {mm)
[oa

Temperature {k)
| 263 - 1

Fow Rate (kg/s)
1. 785e-3

Figure 3.11:Set injection properties dialog box.

Define the turbulent dispersion. Click the Turbulddispersion tab. Enable
Discrete Random Walk Model and Random Eddy Lifetimehe Stochastic
Tracking group box. These models account for tmbulent dispersion of the
droplets. Click OK to close the Set Injection Rrdes dialog box. Click OK in
the Information dialog box to enable droplet coedese. Close the Injection

dialog box.
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(i)  Boundary Conditions

Set the boundary conditions for the inlet. SeleotsBure outlet and inlet
boundary condition from the Type drop-down listt&40, 70 and 130 MPa in
Gauge Pressure as shown in Figure 3.12. Selechsitfeand Hydraulic
Diameter from the Specification Method drop-dowst.liEnter 2mm for
Backflow Hydraulic Diameter and 10% for Backflowrbulent Intensity. Click
the Thermal tab and enter 293 K for Backflow Totamperature. Click the
Species tab and enter 1 for c16h29 in the SpecassNfractions group box.

Click OK to close the Pressure Outlet dialog box.

Eroucne e T =

' Zone Hame
pressore _ivet
Momentum | Thermal | Radation | Speces| pem | multphase | s |
REI‘EIET‘DEF!BIIE"ME =
Gauge Tota Pressure (p255a) [aogooo00. | constant. ]
Dl'ecbnnipenfﬂtnnheﬂ'ﬂﬁiwhwy e
w:e
Speafication Method | piensity and viscosity Rzt -
Turbudent Intensity (%) [0
Turbulent Yiscosity Riatio | g p

[Lox | [cancel] [heb |

B Pressure OQutiet A

Zone Mame
[p‘egnwe_o.met

Momentum | Thermal | Radton | Species | DPM | Multiphese | 105 |

| Gauge Pressure (pascal) | 1000000 |_l:¢'ﬁbl’1-t .._'l
Backfiaw Direction Specification Method | jgenal 1o Boundary .,|
| Target Mas= Flow Rate
Turbulence

Specfication Method | intersty 2nd viscosity Rato -
Backfiow Turbulent Intensity (3&) 5

Backflow Turbulent Viscosty Ratio [ 5

[o% | |gancel| | Hem |

Figure 3.12:Pressure inlet and Outlet dialog box.
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Set the boundary conditions for the outer walliguiFe 3.13. Select Specified
Shear in the Shear Condition list. Retain the defalues for the remaining
parameters. Click OK to close the Wall dialog box.

= =5

Zone MName

| wall

Adjacent Cell Zone
| part 1
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Wall Motion Motion
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(7} Moving Wall =

Shear Condition _ Shear Stress )
(1 Ma Slip ¥-Component (pascal) ,07 |c.onstant - |
@ Spedfied Shear B e

_ Speailarity Coefficent ¥-Component (pascal) ,07 |F|

) Marangoni Stress kot

Z-Component {pascal) | 0 |mnstant - |

Wiall Roughness

Roughness Height {mm) | 0 |M .
Roughness Constant ’“7 ’@
L = ¥
(o) (e ()
— —

Figure 3.13:Wall dialog box.

(iv)  Solution

Apply second order upwind at Solution method Sefetond Order Upwind
from drop-down list for all parameter at Spatials@etization box except
Gradient.

Decrease the Under-Relaxation Factor for Discrdias® Sources to 0.1 at
solution control.

Initialize the flow field at Solution Initializatim Select all zones from the
Compute from drop-down list. Initialize to initiaé the variables. Click Patch
button to set c16h29 at 0. At patch dialog boxeaeX Velocity from Variable
list. At Zones to Patch list select Part_1. EnteatO/alue space. In a similar
manner, patch Y Velocity, Z Velocity and c16h290atClick OK to close the
Patch dialog box.
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Figure 3.14:Patch dialog box.

d) Start the calculation by requesting 120 iteratioBater 120 for Number of
Iterations. Click Calculate. The solution converged approximately 100
iterations.



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

The aim of this chapter is to analyze the resuthefproject, which includes the
diesel spray images or output from result of simaoies. The result will also cover the

part of fuel spray pattern, spray angle, and sppagenetration.

4.2 RESULTS

After completing the analysis of simulation and tet result, the result taken
have been analyzed thoroughly. The fuel pump segplDMPa, 70MPa and 130MPa of
pressure to the injector has been use in this sisalyhe visualization results of the
developing spray at various stages by analysisniqab using ANSYS-FLUENT are

shown in Figure 4.2.
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4.2.1 Spray characteristic

Tip penetration

Figure 4.1 Characteristic of diesel spray.

The Figure 4.1 above show Spray cone angle (straiglak line) is defined as the
angle formed by two straight lines drawn from thgctor tip at the outer periphery of
the spray of Lefebvre (1989). The Spray penetraistraight red line) is defined as the
maximum distance of spray from the nozzle tip at given time. LACOSTE Julien
(2006). The Main spray (curve yellow line) is deiihas the spray with just fluid phase

not vapor phase.
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4.2.2 Spray development

Pressureinjection at 130MPa

Time after injection (ms) Development of spray
: %
0.6 a
L E——
1.0
1.6

Figure 4.2 Result of diesel spray development.

From the Figure 4.2 above show at the beginningestdne main stream of the
spray shaped like a spiral vortex and beginningailapse due to the drag at the end
point. When the spray moves downstream, the d®plbaich are positioned outside the
main spray breakup into small ones prior to thedmgiroplets because the relative
velocity between spray and the ambient air in theside region is large . After the
injection the air velocity increased due to dropleith high velocity, and the relative
velocities of droplets injected at last stage @&relased. And droplets cause the air flow

to circulate through the spray.
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4.2.3 Spray shape at various high injections

mim
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Figure 4.3: Spray shape at various high injections.
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From this simulation, it can be seen that from Fegli3, it was quite difficult to
gain the spray cone angle for each .The cone aggleease, but with very small value
when injection pressure increase because initialgicity and the mass flow rate of
liquid increase . As expected, the spray tip periemn increased with the increase of
injection pressure. The effects of vaporizationamee smaller for penetration distance.
This means that large air assistance due to higltion pressure causes a well-
atomized spray. From equation (4.1) by hiroyasuamad(1980) below show, the spray

tip penetration increased with the increase ofctigpa pressure.

S = 0.3%0iV (2AP)/ p (4.1)

Where the S is spray tip penetration, t is time(raspi is after start of injection, P is

pressure (MPa) is density (kg/mr),and f is fuel.
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From Figure 4.3 show the spray result at 40MPawsrse of 'V’ at maximum
distance of penetration because of 1IMPa pressucthamber push the spray shape. At
70MPa and 130MPa is not like that because of higegure more than 40MPa has been
supplied.

4.2.4 How to measure the cone angle and tip peneti@ from simulation

result

L
]
L]
01
Q0

0

103
103
103

Measuring Measuring
Tip Penetration cone angle

Figure 4.4: How to measure the cone angle and tip penetration.

From the Figure 4.4 above show how to measure tre @ngle and tip
penetration from the simulation result. The prawaevill be used to measure the cone
angle by reading the value when take the protramtothe images of spray. The ruler
will be used to measure the tip penetration from ribzzle tip until the maximum of

main spray.



425 Table of results

Table 4.1:Spray result of 0.2mm diameter SAC nozzle.
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DIAMETER SAC NOZZLE = 0.2 mm

INJECTION PRESSURE CONE ANGLE TIP PENETRATION
(MPa) (Degree) (mm)
40 15.6 31
70 154 35
140 15.1 43

Table 4.2: Spray result of 0.4mm diameter SAC nozzle.

DIAMETER SAC NOZZLE = 0.4 mm

INJECTION PRESSURE CONE ANGLE TIP PENETRATION
(MPa) (Degree) (mm)
40 18.4 41
70 18.2 49

140 18.1 54
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Table 4.3: Spray result of 0.6mm diameter SAC nozzle.

DIAMETER SAC NOZZLE = 0.6 mm

INJECTION PRESSURE CONE ANGLE TIP PENETRATION
(MPa) (Degree) (mm)
40 22.4 54
70 22.3 55
140 22.3 57

From the table result 4.1, 4.2 and 4.3 above \hitbe different sizes of diameter
nozzle above show the high diameter nozzle prodingid tip penetration and small

decrease of cone angle due the increase of infeptiEssure.

4.2.6 Graph of results

24 .
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Fi
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E 18 —p -
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< — <> - = 0.4 (mm)
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Figure 4.5: Cone angle versus injection pressure at diffedlearheter of SAC nozzle.
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From the Figure 4.5 above show graph the cone amgiease when the
diameter nozzle increase, but the cone angle dexraden pressure increase. The
maximum of cone angle will lead shortest break-epgth and shortest time of
vaporization to happen. The higher diameter of leowall produce higher cone angle

and the higher cone angle will carry more fuelpray.

60

'g 55 /_/_.7 Diameter SAC nozzle
§ >0 /., == 0.2 (mm)
< 45
E 40 / / - 0.4 (mm)
o
F 35 0.6 (mm)

30

0 50 100 150
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Figure 4.6: Tip penetration versus injection pressure at chfie diameter of SAC

nozzle.

From the Figure 4.6 above show the graph the gpeagtration increase, when
the injection pressure increase. Although the @aéndter is the higher tip penetration
and cone angle, but the diameter is too big andl deitrease the initial velocity at
injection tip and produce longer time to break @ppen, then will lead to formation

soot of over penetration.



CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 SUMMARY OF THE PROJECT

This chapter comprises the overview of the studwels as possible suggestion
for the future project. Different pressure diesgéctors and different nozzle diameter

were tested with using ANSYS fluent to know theagppattern in high pressure.

5.2 CONCLUSIONS OF THE PROJECT

In conclusion, from the result we can conclude hifgh pressure will decrease
the cone angle and increase the tip penetratienhitih pressure will increase the vapor
phase too .The higher nozzle diameter will incraasecone angle and tip penetration,
but when the tip overpenetration happen will leadmiation soot because of fuel
impingement on cool wall chamber and the unburt Wik produce. The spray cone
angle is a qualitative indicator of how well sprigperses. The maximum cone angle
will produce the shortest break up length. The tasbibreak up length will lead to high

efficiency of combustion.

There are only a few results that could be obtainea this analysis due to the
lack technological devices used and computer padace. If higher budget and high
performance of hardware computer was provided Ifiigs project, it will be more

successful and meaningful for future references.
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5.3 RECOMMENDATIONS

This project of fuel spray visualization has be@meal successfully. However,
broader parameters should be considered and adalsggemore data could be gained
with regards of this topic such as size and vefagitdroplets, break-up region of spray
and time of break-up. For recommendation, thisgmoghould proceed with further
analysis with simulation and experiment. For instrthis CFD simulation should be in
3D with high performance of computer to get theultesf droplets for particle track,
with high performance of computer, the finer of imag can be proceed to get the great
result of spray simulation. For the nozzle influeraf spray, in this analysis just used
the different size of nozzle diameter, for recomdsgion, further project should be
done with different length and diameter of nozzleick makes the nozzle L/D ratio
because the nozzle ratio L/D can influence on thys angle. According shimizu
(1994) showed that an L/D of approximately 4 oravgythe maximum cone angle and
shortest break-up length.

For the experiment should be done in Schlieren’thotein which this would
certainly help to provide an effective technique f@por phase visualization. In
addition, it was suggested that the use of Lases Btiattering and Back-lighting
technique should be fully utilized in order to caarmgp the result of spray characteristics
which run in higher injection pressure so that @wd provide better result in terms of

vaporization at the spray tip region.

5.4 FUTURE WORK

It was believed that the experiment is necessarypfeliminary research and
further analysis of internal mixture formation, mi@aation mechanism and combustion
using diesel fuel in diesel engines. This work tenextended with optimization of
injector selection and timing strategies by intégathe effects of charge motion in an
optical engine. The evaluation of valve train cohsitrategies and the effect on mixing
for homogeneous and stratified operation also rneette included to validate the

robustness of the computational models.
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APPENDIX A

Project Activities

Week

1.Meeting and briefing with
supervisor

2.Doliterature review

3. Gathering all relevant
information

4 Make injector sketch in 2D
and 3D

5.8earch suitable parameter

6. Design the nozzle injector
and chamber in 2D

7.Prepare a report

§.Prepare for presentation

9 Presentation

Figure A.1: Gantt chart for PSM 1

No Project Activities

1. | Briefing with supervisor for FYP 2

2. | Discuss the suitable parameter for
simulation

3. | Find more journal about simulation
ANSYS fluent

4. | Modify and rebuild the spray model

5. | Meshing and simulation the model

6. | Analyze the results

7. | Collect the data and conclusion

8. | Preparea full report

9. | Prepare presentation shide

10. | Presentation for FYP 2

11. | Submit the thesis

Figure A.2: Gantt chart for PSM 2



