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ABSTRACT

This project presents the study about developmihighb pressure spray triggering and
control in a direct injection gasoline injectorafjasoline engine. The objectives of the
study is to develop injection system using a patarseof time and pressure in order to
identify the spray characteristics including spaagle, spray tip penetration and spray
width. The scopes of this research is choosingrobsystem EFI in type of injection,
setup test rig for experimental using high pressir@mber and develop control and
triggering system in order to control the timingdaselay of the injector. After test rig
fabrication is done and all equipment has beenpsexperiment is done by supplying
pressure from high pressure fuel pump to fuel iojetchat attach to high pressure
chamber. Ambient temperature was set to 300 K anblient pressure is 10 kpa, 20
kpa, 30 kpa and 40 kpa. Simple triggering and obrtas been developing using
MATLAB Simulink and the DAQ software result was &med due to sample of
calculation.
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ABSTRAK

Projek ini menunjukkan kajian tentang membangurdgstem tekanan tinggi kawalan
semburan cecair dalam injektor petrol bagi enjisofjae. Tujuan kajian ini adalah
untuk membangunkan sistem kawalan dengan menggunpieameter masa dan
tekanan untuk mengenal pasti ciri-ciri semburamé&suk sudut semburan, penetrasi
semburan dan lebar semburan. Ruang lingkup dalamlipan ini adalah memilih
sistem kawalan mengikut jenis injektor, menyediakangka ujian bagi melakukan
eksperimen dengan menggunakan kebuk bertekanagi togn membina sistem
kawalan untuk mengawal masa dan kelewatan Injelgetelah fabrikasi rangka ujian
dilakukan dan semua peralatan telah disediakanpeeksan dilakukan dengan
membekalkan tekanan dari pam bertekanan tinggnjektor yang terletak di kebuk
tekanan tinggi. Suhu persekitaran ditetapkan uBQ®K dan tekanan diberi sebanyak
10 kpa ,20 kpa, 30 kpa dan 40 kpa. Sistem kawalgktor dibina menggunakan
aturcara MATLAB Simulink dan perisian DAQ dianatiskeputusan dibandingkan
dengan penyelidikan terdahulu dan contoh pengiraan.
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CHAPTER 1

INTRODUCTION

11 BACKGROUND

Fuel injection control system directly affects thuel efficiency and pollution
level or substances that can be used as fuels twimative engines, other than
conventional fuels. The benefits of these altemeafuels are that they emit less air
pollutants and they are very economical comparecbtoventional fuelsSince 1970s,
the environment pollution and energy consumptiors ba&come serious concerns
associated with engine control technology. The-tseling control technique is applied
to improve the engine performance by controlling 8mgine speed and exhaust flow.
Most fuel injection systems are for gasoline orsdleapplications. With the advent of
electronic fuel injection (EFI), the diesel and gasee hardware has become similar.
EFI's programmable firmware has permitted commondware to be used with

different fuels.

For this design, it is necessary to investigatesiiray development process, the
ignition probability, and the combustion propagatiprocess of Combustion Natural
Gasses. In this study, a combustion chamber wiibLalization system is designed and
built. CNG is injected into the combustion chambgra gasoline direct injection (GDI)
injector and ignited by a spark plug placed nearitijector. The close arrangement of
the injector and spark plug provides a stratifidgthrge of CNG around the spark
discharge position. Images of the CNG spray devetp and combustion propagation
processes were digitally recorded. The resultshigf $tudy can contribute important
data for the design and optimization of spark-igghitdirect injection (SIDI) CNG

engines.



1.2 PROBLEM STATEMENTS

In most spray applications, spray characteristgiszh as droplet size and
distribution, are highly dependent on the spec#iizay nozzle used, control in the
system which makes it difficult to alter them withh@ complete overhaul of the system.
The implementation of spray control that could daabanipulation of spray behavior
and parameters, as necessary, would enhance #dailigrand efficiency of sprays.

1.3 OBJECTIVES OF PROJECT

The objectives of the study are:
I.  To study about fuel injection system.
ii. To design and integrate of the programming partdotrol injector fuel
spray.
iii.  To develop a triggering and control system basetino® and pressure.

1.4  SCOPE OF PROJECT

There are three scopes in this study:
I.  Study on fuel injection triggering and control syst
ii. Develop and setup test device use DAQ softwargifpgering.

iii.  Develop simple triggering and control using MATLABmMulink

1.5 OUTLINE OF REPORT

Chapter 1 introduces the background, problem sexteémnd the scopes of this
study. Chapter 2 presents the literature study taingector, Matlab simulink and spray
of the injector pressure. Chapter 3 discusses thweeldpment of injector pressure
modeling, DAQ software and the optimization teclueiq Chapter 4 discusses the
results and analysis of the Matlab , and optimirabf the injector pressure. Chapter 5

presents the conclusion and recommendation ofutioeef work.



1.6 SUMMARY

The project background, objective, problem statemand project scope was
very important in order to guide me follow the m@aj cover. While the project

flowchart was guide me to complete the work attime given.

Start FYP:

A\ 4

Meeting with supervisor and discuss
about the project

A
Literature study <

v

Reading and summary of
the literature source No

y

Enough or not

Yes

Midterm presentation to
project supervisor

y

Prepare FYP draft report, logbook and submit|to
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Figure 1.2 Project flowchart




CHAPTER 2

LITERITURE REVIEW

2.1 INTRODUCTION

The purpose of this chapter is to provide informatwhich related to the
injector pressure, Matlab simulink , DAQ softwaremponent and also about
Maximum of EFI injector pressure . The researchchates about fuel injection system,

control mechanism and spray behaviors.

2.2 FUEL INJECTION

In modern automotive internal combustion enginés, Yarieties of injection
systems have existed. A fuel injection system sgied and calibrated specifically for
the types of fuel it will handle. Most fuel injeati systems are for gasoline or diesel
applications. With the advent of electronic fugkeation (EFI), the diesel and gasoline
hardware has become similar. EFI's programmabiewiare has permitted common

hardware to be used with different fuels.

Basic components in fuel injection system are fogctor, high speed camera
and electronic control unit (ECU) such as injectover and digital delay generator for
the signal line while other components such as tust, fuel filter, high pressure pump
and pressure regulator for the fuel line. In thieokatory experiment, high pressure
chamber is used as a main character in order ttiigespray patterns. Some of the
experiment that using high speed camera can trigghrpersonal computer and ECU.

The data gained will show in the personal compatgomatically.
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Figure 2.1 Fuel injection system

Source: J.M Desantes, 2009

2.2.1 Fuel Injector

Fuel injectors are nozzles that inject a sprayuef into the intake air. They are
normally controlled electronically, but mechanigatbntrolled injectors, which are cam
operated, also exist. A metered amount of fuelrappged in the nozzle end of the
injector, and a high pressure is applied to it,allguby a mechanical compression
process of some kind. At the proper time, the roizlopened and fuel is sprayed into
the surrounding air. The amount of fuel injectedheaycle is controlled by injector
pressure and time duration of injection. An eleaitofuel injector consists of the
following basic components which is valve housintggnetic plunger, solenoid coil,
helical spring, fuel manifold and pintle (needldved. When not activated, the coill
spring holds the plunger against its seat, whiachkd the inlet flow of fuel. When
activated, the electric solenoid coil is excitedhiacthh moves the plunger and connected
pintle (needle valve).



This opens the needle valve and allows fluid fréma maifold to be injectec
out the valve orifice. The valve can either be masbpened by added pressure from
plunger or it can be opened by being connectetieé@tunger, which then releases
pressurized fuel. Each valve can have one or sSewgfige openings. In mechanical
controlled injectors there is no solenoid coil @ne plunger is moved by the action ¢
camshatft.

Figure 2.z: Fuel spray for combustion system

Sourcewww.enginebasics.com/Engine Basics Root Folder/Fjettors .



Figure 2.3 Fuel Injector

Source: Lee, C.S 2009

2.2.2 High speed camera

In order to get different spray characteristic @mm of different timing and
pressure controlled by ECU, it is require a higeesp camera. An example of high
speed camera that mostly use is Photron, FastcaaR® This camera provides full
megapixel resolution images at frame rates up @0®Bframes per second (fps), 512 x
512 pixels resolution at 10,000 fps and at reddide rates to an unrivaled frame rate
of 250,000 fps. Utilizing Photron’s advanced CMG&shsor technology, the APX-RS
provides the higher light sensitivity than any etltemparable high-speed imaging
system. Both color and monochrome models are dlajldoth with excellent anti-
blooming capabilities. A user selectable ‘Regiorintérest’ function enables the active
image area to be defined in steps of 128 pixelewi 16 pixels high to allow the most
efficient use of frame rate, image resolution arehmary capacity for any event. Up to
20 commonly used configurations can be saved to anenfor future operation.
Available with Gigabit Ethernet, Fire wire and fibeptic communications, this

compact camera can provide exposure durationsoaisah2 microseconds and is easily



operated in the field with without a computer through use of the supplied ter

keypad, enabling full camera setup, operation arafje repla

Figure 2.4 High speed camera

Source: Photron 2010

2.2.3 Injector driver

Injector driver modules work with the central cortgaLsystem and the fu
injection system in a vehicle. Only vehicles witlelinjection systems will use ¢
injector driver module. Engines that need high gues fuel injection rely on inject
driver to control the fuel injection system. Theimpurpose f an injector driver is t
control the amount and timing of fuel injection kit the vehicle's syste



Figure 2.5 Injector Driver

Source: www.thunderracing.com

2.2.4 Digital delay generator

Digital delay generator is a piece of electronist tequipment that provides
precise delays for triggering, syncing, delayingl ajating events. It is used in many
types of experiments, controls and processes wdleptronic timing of a single event
or multiple events to a common timing referencadeded. Similar to a pulse generator
in function but with a digital delay generator timaing resolution is much finer and the
delay and width jitter much less.

Figure 2.6 Digital delay generator

Source: www.highlandtechnology.com
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2.3  CIRCUIT 555 TIMER IC

The 555 Timer IC is an integrated circuit (chip)lementing a variety of timer
and multivibrator applications. The IC was desigthgdHans R. Camenzind in 1970
and brought to market in 1971 by Signetics (latuared by Philips). The original
name was the SE555 (metal can)/NE555 (plastic @HR) the part was described as
"The IC Time Machine". It has been claimed that3b6& gets its name from the three 5
KF resistors used in typical early implementatidng, Hans Camenzind has stated that

the number was arbitrary.

Figure 2.7. NE 555 IC

Source: Lubkin, G.B. 1996.

2.4 SPRAY CHARACTERISTICS

The microscopic spray characteristic including bgay tip penetration, spray
width and spray angle are shown in figure 2.6. Spey tip penetration and spray
width were defined as maximum distance from thezle#p of the side view spray
image and maximum radial distance from the botteewyrespectively. Also the spray
cone angle is defined as the interval which is fuirby the nozzle tip and two straight
lines wrapped with the maximum outer side of thegpAmirruddin, A.K. (2009) says
that the higher ethanol contains the spray spreated, present longer penetration

distance.
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Figure 2.8 Definition of spray characteristic (sprays timp@ation, spray width and

spray angle)

Source: Lee, C.S et al. 2009

Spark
discharge

n -

Flame front position

Figure 2.9 Definition of spray characteristic (flame froragition)

Source: Lee, C.S et al. 2009
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Figure 2.1Q Definition of spray characteristic (spray widthdaspray angle)

Source: Lee, C.S et al. 2009

An evaluation of the correlations between sprayatig function of time, indicated that

the formula developed by Dent, best predict theagqgu:

S = 3.07 (P/ p)¥ (tdn)¥z (294/T)Y4 (2.1)

Where P, pressure across the nozzle, p, densitebft, time after start of the injection,

d, diameter of nozzle and T, ambient temperature.

25 CONCLUSION

This chapter has been the summary of previous wbektsrelated to this project.
The works were discussed are about spray triggespeay penetration and spray
characteristic of injector. The next chapter wil tiscussed about the methodology of

this project.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter presents the overall methodology efojitimization based on high
pressure spray triggering. The optimization is t@st critical combustion process in
the automotive industry. It is very important thaty production company invested
millions of their profits into Research and Devetmmt (R&D) the engine. The aim of
this chapter is to develop a methodology to impritneinjector pressure spray process
of high pressure spray triggering.

3.2 THEORETICAL BASIS OF INJECTION

The injection system used for this study was a commsil, electronically
controlled unit injector system. The system wassttmcted on a moveable cart and the
injector was mounted on a constant volume spraynblea. The injection system
included a fuel pumping system, a lubrication systan injector, and a control system.
Figure 3.1 and 3.2 shows the connections betwessetbomponents. The high pressure
fuel pump was a multiplelobe, cam jerk type fugéation pump which was driven by
an electric motor. The pump pressurized the fugldenan accumulator (common rail)
to pressures up to 80 kpa. However, 40 kpa was asetl maximum pressure for the
experiments as to ensure the reliability of fuedtegn components. The injection pump
was lubricated by a separate oil lubrication systehich contained an oil sump, a
hydraulic pump, a flow controller, and a pressunatwller. Fuel metering was done

with a three way valve at the injector. The functed the three-way valve was to switch
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the nozzle fuel pressure between the common-raggure and atmospheric pressure.
Injection timing and quantity were controlled byacdlging the timing of the pulse and
the pulse width applied to the three-way valve. Tibezle tip was a 6-hole, mini-sac
type of diesel injector tip. The hole diameter Wa36 mm and the length was 0.5 mm,
which makes the nozzle L/D ratio about 1.923. Tiveeee two electronic control units
to control this injector, an injector controllercaa pump controller. These controlled
the injection timing, injection duration, injectiaquantity, injection rate, and injection
pressure of the injector. The injection timing aimgection duration for each split
injection was adjusted independently using the cioje controller. The injection

pressure was controlled from the pump controller.

Flexible fuel

Fuel Injector Pipe

Air Fuel

Fuel Pressure Tank
Research Rail
Camera Chamber

Figure 3.1 Experimental setup

=l |

Figure 3.2: Connecting of injector
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3.2.1 Fuel Injector

The injector used is a vertical centrally mounteat@ype with a six-hole nozzle
in a close spacing arrangement with the spark pling. nozzle holes are 0.5 mm in
diameter at the exit and essentially consist of gnaups of three nozzle holes. The six
nozzle holes have different injection angles prauyche spray pattern illustrated in
Figures 3.3 and 3.4, where 6 plumes pass arourgptr& plug. There is an initial delay
before fuel is seen at the injector tip, governgdhe injector driver used.

Figure 3.3 6 plumes pressure injector

Figure 3.4 Base view of 6 plumes pressure injector
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3.2.2 Injection Timing

The Injection timing used for early injection honeogous mode was set quite
early in the intake stroke (SOI 80° CA ATDC) to nmake the time available for
evaporation before ignition. This must however l@abced by the need to avoid
excessive liquid impingement on in-cylinder surfagearticularly on the piston crown;
therefore 80° CA ATDC was used as a compromiseh \iditial spray-tip velocities of
about 80 m/s however, measured using 150 bar iofepressure, liquid impingement
on liner and piston surfaces is difficult to avoiparticularly at low in-cylinder
pressures. The injection duration was set to 0.88 carresponding to stoichiometric
conditions for the part-load operation point use@aghout this study.

3.2.3 Multiple Injections

In order to achieve control over multiple splitagjions, the AVL ETU was used
with an inbuilt function linking two output triggethannels. The spacing between each
split injection is ultimately limited by the respmmtime of the particular injector and
injector driver system. To be able to perform sdaren of comparison between single
and multiple injections, a split injection strategys devised to allow stoichiometric
operation comprising of three shorter injectionslébiver the same amount of fuel as
the single injection and maintain the same opegapioint. In order to keep the time
available for evaporation the same before ignition both injection strategies, the
multiple injection strategy was chosen to have amliex start of injection to
accommodate the increased delays in the injectystesn due to multiple triggering.
The first injection was programmed to start at 68’ ATDC, the second at 70° CA and
the third at 80° CA ATDCi(e. dwell time of 10° CA), with pulse durations of 0.8%,
0.28 ms and 0.25 ms respectively, such that theingction pulse starts at the same
time in the cycle as the single injection (Figuje Bhe decision behind such a strategy
is that using a single injection with such an e&@I would result in significant piston
impingement due to the high piston position anditiceeased momentum of the longer

single-injection spray plumes. Thus, the case iderthat such an injection strategy is
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one potential method for reducing the levels oédiwall impingement and improving

mixture preparation under conditions of homogeneamugne operation.

0.78 ms

Single Injection

- Injector Trigger

. b
d = Delay till fuel seen d g E
at injector tip (300 ps) 0 0
F F

TDC
" 0.22 ms 0.28 ms 0.25 ms
BDC

b s 1

Triple Injection b i i
-Injector Trigger R i i
e ! | L

L e

N|
]

W
F-O-Ft

10°cA  10°CA

Figure 3.5 Multiple Injections versus Single Injection.

3.3 OPTICAL SYSTEM AND IMAGING PROCESS

An optical system was designed to visualize thermittent fuel sprays. It
consisted of see-through spray chamber, and adpghd camera. This optical set-up
was arranged for a light extinction method whichswesed to measure the overall
average droplet size for the entire spray. FiguéesBows a schematic diagram of the
optical set-up used in this study. The laser lgirce is a pulsed copper-vapor laser.
The duration of each laser pulse is 10-40 ns aaedhtlerage energy per pulse is 2 mJ.
The spray chamber used was the same as in a pseaxperiment. The chamber was an
aluminum cylinder, 200mm in diameter and about 2@0long, with optical windows
on both ends. The chamber provided an environméht lmgh gas pressure at room
temperature. One of the end plates was designaltbte the common rail injector to be
mounted on the end plate at a 62.5° angle, smtiebf the spray plumes from the 125°
injection angle multi-hole nozzle was perpendicttathe light beam path. Images were
recorded with a high speed 16 mm camera at a famate of 5000 frame/sec. The

camera was connected to the laser so each framesponded to one laser pulse.
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Figure 3.6 Optical system set-up

A digital imaging analysis system was used to pgedbe images taken on the
film. The components of the system were on a combase, which fixed the relative
position of the film to the image capturing devidé&e film was loaded on a projector
and each frame was back lit by a uniform diffudight source. The image on the film
was snhapped by a CCD camera and sent to a franbbegrdoard inside the host
computer. The digital format of the image contai®d@ 480 pixels with a 8-bit gray
scale resolution. The gray level of a pixel waspprtional to the transmitted light
intensity, so information about light extinctionraligh the spray could be obtained.
With this information, we will be able to estimatiee overall spray Sauter Mean
Diameter (SMD). The spray tip penetration lengtld apray angle were measured
directly from the spray images. The method we usesktimate the overall spray SMD,
a light extinction method, has been developed a®di o investigate diesel sprays by
several researchers [10,11]. Basic assumptionsagmegblincluded: an axisymmetric
spray pattern, a fixed, known spray droplet sizgridhiution function, spherical droplets,
constant index of refraction, no multiple scattgrwmhen light passes through the spray
field, and no light absorbed by the spray droplétse equation used to calculate the

spray overall SMD was written as:

3 R(30,)0. @5y M p(all)
2 Pr £

ap Z (— Int }

i (3.1)

.D32 ((JJ'F!F) =
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WhereD32 (@ll) is the spray overall average SM®(a 32 d ) lext(a32) is as
average corrected extinction coefficieritisrthe fuel densityM f (all) is the total mass
of the sprayapis image pixel area,jtis the local transmittance of the jth optical pd&th,
is the total number of pixels and the summatiodase over all pixels contained inside

a spray plume.

3.4 DATA ACQUISITION

Both the dynamometer and the engine were equipgtd aptical encoders.
Two encoders were used on the engine, one of ttb@edens was mounted on the intake
camshaft and the other on the crankshaft, botlpa Leine-Linde 503, giving 0.2° CA
resolution. The cycle marker (TDC) and crank-anglaker or ‘clock’ signals were
both connected to an AVL 427 Engine Timing Unit (BTto synchronize the various
trigger signals to the camera, laser and LABVIEW@dta acquisition systems. The
amplifier's voltage signal was digitised using a BRMMIEW®- based system with a
sampling rate equivalent to the clock source ofdtamkshaft encodere. 45 kHz, or
once every 22.21s (0.2° CA/sample) at 1500 RPM. For each test ¢mmdi200
consecutive cycles of data was recorded for foannobls, cylinder pressure, a cycle
TTL marker, the HFS signal and the RTS signal. Tacess the large amounts of data
generated by such a large test matrix, a processutge was written in MATLAB to
batch process multiple files and perform read/wdperations to simultaneously (a)
correct the in-cylinder pressure signal with intaB®C pressure as the pegging
pressure, (b) take the raw data and apply the sagesorrections using equations 1-3
and (c) calculate the following cycle statisticeean, standard deviation (or Root Mean
Square, RMS), as well as the Coefficient Of VaoiatiCOV = RMS/Mean. Other
routines were written as necessary in order to gg®dhe corrected data to extract
detailed information for particular locations irethycle, for example the maximum and
minimum heat fluxes produced on a cycle-by-cyclesidbaand the corresponding
statistics for these as well as the timings of pealat flux during the cycle and

corresponding statistics.
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3.5 IMAGE ACQUISITION

The following section outlines the imaging methadpl used to obtain the in
cylinder spray imaging results. This was carried wsing a high-speed camera with
synchronised laser system to obtain crank-degreselved information of spray
formation and development. Using a modified pistdnich allowed imaging of the full
cylinder bore - rather than that usually capturemlresponding to the piston crown
window dimensions (~70% bore) - and which is disedslater in this paper, the
arrangement also allowed spray impingement on tylender liner walls to be

confirmed.

3.5.1 High-Speed Camera

The fuel spray was imaged using a high-speed CM&teca (Photron APX-
RS) at a frame rate of 9 kHz under most conditi@estesponding to 1° CA between
frames at 1500 RPM. This was possible with an imagelution of 640x480 pixels,
giving an optical resolution of ~16dm per pixel. The camera has an internal memory
of 2.15 GB which allowed up to 100 cycles to betoegd in a single acquisition run
with an imaging sequence of ~68 frames per cytlwat possible to reduce the number
of images acquired per cycle in order to incredsenumber of consecutively recorded
cycles. The limit using one crank-angle degree lstiem was found to be ~30-40
images per injection to allow enough detail of ihjection and post-injection event to
be captured, giving a total of ~150 cycles per @&stgon run. The duration of
downloading the camera memory was of approximdietyinutes. Due to memory and
processing time considerations it was finally dedito acquire 100 cycles for each test
condition. The camera was coupled to a 60 mm Nikos with f2.8. The imaging set-
up was optimized so that the camera and lens getiwould suit imaging of the liquid
spray using laser-sheet Mie Scattering.

For the full quartz cylinder liner configurationvitas necessary to set the image
resolution to a 512x1024 pixel so that piston @raould be imaged nearly in its

entirety and potential piston impingement recordeal.do this the camera frame rate
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had to be reduced to 5 kHz which at 1500 RPM redutt a temporal resolution of 1.8°

CA per imaged frame.

3.6 STEPS OF ANALYSIS ACCESSING SUBSYSTEMS OF A DAEVICE

3.6.1 Geometry

The design of high pressure chamber and injectias a@esign in 2D by ANSYS
- fluent software. Figure 3.6 show the design afhhpressure chamber injector. The
high pressure chamber was designed with rectangbkpe with 60mm x 100mm of
dimension. This model was generated to geometANBSYS Workbench. The material
of model was set to fluid. Figure below show thedeloconsist with 4 main surfaces,
such as pressure inlet, pressure outlet, wall arsd @he straight yellow line was set as
pressure outlet and the blue line was set as peegdet. The axis for half design was
set as green line and the wall on red line. Thed2Bign in half is used to easy and

quick process in running of simulation.

wall Pressureoutlet

Pressure inle
i ¢
X

00

Geomelry {Pint Freview/

Figure 3.7 Spray model and geometry.
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3.6.2 Meshing

The Figure 3.4 shows the mesh of model. The meded meshing with
automatic mesh in ANSYS CFD. The enlarged nozzgreis 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 gridmeweendations of Abraham (1997).

|Mesh =/ Update | @ Mesh » O, Mesh Control = | /e Groprn | Sy Options
Outfine 3
8 Project
B @ Model(A3)
-/ Geometry
B ok Coordate Systens
o Glbal Comrdnate Systen

Details of "Mish™ ¥
i- Defaults

Figure 3.8 Meshing.

3.6.3 Setup

After mesh, Setup was used to launch the apprepgapplication in ANSYS
Fluent. All parameters like load, boundary condititype of material, and otherwise
were insert in this setup.

General
Check the mesh. ANSYS Fluent was performed varahiexks on the mesh and report
the progress in the console. Ensure that the reghartinimum volume was a positive

number.
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Reorder the meshTo speed up the solution procedure, the mesh shmmileorderec
which substantially reduce the bandwicANSYS FLUENT was reported the progre

in the console.

>> Reordering domain using Reverse Cuthill-McRee method:
Zones, cells, faces, done.
Bandwidth reduction = 32497/697
Done.

46.62

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

Figure 3.9 Reorder report.

Models
Enable heat transfer by enabling the energy equz

EX Energy =

Energy ) ‘

|&] Energy Equation

oK | |Car|ce|| I_ Help ]|

Figure 3.1Q Energy dialog box.

Enable the realizabl £- eturbulence model. Selectdpsilon (2 eqr in the
Model list. SelectRealizabli in the k-epsilon Model listThe realizable k- e model
gives a more accurate prediction of the spreaditgaf both planar and round jets tl
the standardk -emodel. Retain the default selection 8tandard Wall Functiol in

the NearWall Treatmer list. Click OK to close the Viscous Modeialog bos.
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B Viscous Model ||
L e c—— s —
Model _ Model Constants

= g -
L Invizcd C2-Epsilon =

) Laminar |.1 3 —

"1 Spalart-Allmaras (1 egn) ' ‘
(@ k-epsilon {2 eqn) TKE Prandt Mumber | =
(71 k-omega (2 egn) 1 - i
7 Transition k-+-omega (3 eqn) |

_ Transition SST {4 eqn) TDR. Prandt Mumber

(7 Reynolds Stress (7 egn)
(") Detached Eddy Simulation (DES)
(71 Large Eddy Simulation {LES)

| 1.2 ==

Energy Prandt Mumber

k-epsilon Model |o-85
" Standard b
) RNG User-Defined Functions.
@ Realizable 1 Turbulent Viscosity
Mear-Wall Treatment ) l”‘mE x |
‘@ standard Wall Functions Prandtl and Schmidt Numbers
| MNon-Equilibrium Wall Functions TKE Prandil Mumber -
(7 Enhanced wall Treatment | J |
(") User-Defined Wall Functions fone s =
: TDR Prandt Mumber |
Options [ions =

L [ | viscous Heating Energy Prandt Mumber

|I'IOHE - J

| Ok ] | cancel | [HE|]:I |

Figure 3.11 Viscous model dialog box.

Enable chemical species transport and reactioec&8pecies Transport in the
Model list. Select diesel-air from the Mixture Ma& drop-down list. The Mixture
Material list contains the set of chemical mixtutkat exist in the ANSYS FLUENT
database. The chemical species in the system amdpthysical and thermodynamic
properties were defined by the selection of thetanexmaterial. Click OK to close the

Species Model dialog box.
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B Species Model.
Mode! Mixture Properties
off Mictirs Matsrial
& Species Transport desel-ar - |'|'rew
Mon-Fremied Combustion = :
i Mumiber of Volumeinic Spaces ’5_
* Partially Premixed Combustan |
. Compastion PLF Transport Turbuence-Chemstry Interaction
Reactions % Laminar Finite-Rate
- | Firite-Rate Eddy-Dissipatan
F w'd: iy -.__-Edd-,--ﬁampahm
& patiﬂ fece "\ Eddy-Crszipation Concept

Opbons

[ Iniet Deffusion

[ Ditfusion Energy Souroe

[ Rl Multicompaonent Diffusdn
[T themmal Cyffusion

[ SHiff Chemtstry Salver

[ CHEMKIN-CFD from Reachon Design .

| ok | [y | [cancel] [ Helo |

Figure 3.12 Species model dialog box.

Define the discrete phase modeling parameters. |&n#iieraction with
Continuous Phase in the Interaction group box. T¥as included the effects of the
discrete phase trajectories on the continuous phas¢ain the value of 10 for Number
of Continuous Phase lterations per DPM IteratiolickCthe Physical Models tab to
enable the physical models. Enable Droplet Colisaiad Droplet Breakup in the Spray
Model group box. Ensure that TAB was enabled inBheakup Model list. Retain the
default value of O for yO and 2 for Breakup Paraelthe Breakup Constants group box.
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EZ| Discrete Phase Model Li—;h,l
Interaction Partide Treatment
[#] Interaction with Continuous Phase [#] Unsteady Partice Tracking
[ Update DPM Sources Every Flow Tteration Track with Fluid Flow Time Step
Mumber of Continuous Phase [ 19 =] Inject Partides at
Iterations per DPM Iteration = PErHOE Tine Sie

Fhuid Flow Time Step

Partide Time Step Size (s) [ oot

Mumber of Time Steps [ =)
=

Clear Partides |

Tracking Physical Models ] UDF I Numerics] Parallel]

Options Spray Model
| Thermophoretic Force |¥] Droplet Collision
[ Brownian Motion |¥] Droplet Breakup
[ saffman Lift Force Breakup Model Breakup Constants
| Erosion/Accretion @) TAB o ,U—
[ Twa-Way Turbulence Coupling | ) Wave
Breakup Parcels [o ]
=
oK | | Injections... ] [ Cancel | | Help

Figure 3.13 Discrete phase model dialog box.

Click the Tracking tab to specify the Tracking Faeters. Retain the default
value of 5 for Step Length Factor. Select dynamagdrom the Drag Law drop-down
list in the Drag Parameters group box. The dynadnégy law was available only when
the Droplet Breakup model was used. Retain thedandy Particle Tracking option in
the Particle Treatment group box. Enter 0.0001Pfarticle Time Step Size. Retain the
default value of 1 for Number of Time Steps. CIOK to close the Discrete Phase

Model dialog box.

Tracking ] Physical Models] UDF I Numerics] Parallel]

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

7] specify Length Scale

Step Length Factor
5
=

[ (a4 ] [Inje(ﬁuns...] [ Cancel ] [ Help ]

Figure 3.14 Tracking tab dialog box.
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Create the spray injectionThis step defined thecharacteristics of th
atomizer. Click theCreatt button to open th8et Injection Propertir dialog box. Select
single from thdnjection Typ« drop-down list. Select Droplet in tharticle Typ group
box. Select diesdiquid from the Material drop-down listEnterQ, 0, and O for X-
Velocity, Y-Velocity, and Z-Velocity, respectively, in thé&oint Propertie tab. Enter
263 K for TemperatureEnter 1.785e-3 kg/s for Flow RatRetain the defaulStart
Time of 0 s and entd).00z s for the Stop Timekor this problem, the injection shot
begin att = 0 and not stop until long after the time period dénest. A large value fc

the stop time (e.g., 100 s) ensures that the injeessentially never stog

'E Set Injection Prnpefhf_ ﬂ

Injection Mame
mjecton-0

Irjechon Type
[snge =
Partide Type Laws
L Massless Inert @ Drophet Combusting Mulbcomponent [ Custom

Material 1[ps B G Specie Disorete Phase Doman

|d=suHiq.|r.| 'l lrvean |r'un= - |
Evaporating Species

|e10ha2 =|

II Faint Propertes |TLrbulu—.l Dispersion | Wet Combustion | Componenis | UDE | Multiple Reachons

Diameter {mm)
Temperature (k)
| 63 =

How Rate {kgfs)

1.785e-3

Figure 3.15: Set injection properties dialog box.

Define the turbulent dispersion. Click tfTurbulent Dispersic tab. Enable
Discrete Random Walk Moc and Random Eddy Lifetime in tH&ochastic Trackir
group box.These models account for the turbulent dispersiadheodroplets Click OK
to close theSet Injection Properti dialog box. Click OK in thénformatior dialog box

to enable droplet coalescence. Closelnjection dialog boxboundary onditions.

Set the boundary conditions for the inlet. SeleotsBure outlet and inl

boundary condion from the Type drc-down list. Enter 40, 70 and 130 kPa in Ga
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Pressure. Select Intensity and Hydraulic Diametanfthe Specification Method drop-
down list. Enter 2mm for Backflow Hydraulic Diametand 10% for Backflow
Turbulent Intensity. Click the Thermal tab and eng93 K for Backflow Total
Temperature. Click the Species tab and enter 1ci&h29 in the Species Mass

Fractions group box. Click OK to close the Pres€duéet dialog box.

Momentum | Thermal | Radation | Speces| pem | sultphase| uos |

Reference Frame | akeal e

Gouge TolalPressre (aocal) [pooono0. [ constent -
mmwmwwm—' |mta1t -

mmhnnwiwhwr 2
_‘I‘Lrbuh'::e

Speafication Methad | 1nieneity and Viscosity Rato
Turbudent Intensity (%) [1g

Turbulent Yiscosity Ratie | 15

[Lox | |cancel] [Hep |

ZoneMName
| {p-'es:we_mﬂet

Momentum | Thermal | Radiation | Species | DPM | Mutiphase | 105 |

| Gauge Pressures (pascal) | 1000000 |cw5lmt

Backfiow Direction Specification Method o o Boundary .|
|| Target Mass Flow Rate
Turbulenca

Spedfication Method [hnmirra'dwnmtr Ratia 'i
Backfiow Turbulent Intensity (%) 5

Backflow Turbulent Viscoaity Ratio o

ok | [gancel| [ Hen |

Figure 3.16 Pressure inlet and Outlet dialog box.

Set the boundary conditions for the outer wall.eBelSpecified Shear in the
Shear Condition list. Retain the default valuestf@ remaining parameters. Click OK

to close the Wall dialog box.
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= . =5

Zone Name

| wall

Adjacent Cell Zone
| part 1

Momentum h‘hermal} Radiaﬁon] Species] DPM I Multiphasel uns ]

‘Wall Motion _ Motion
| @ Stationary Wall Relative to Adjacent Cell Zone |

1 Moving Wall
Shear Condition Shear Stress )

@) Spedified Shear

 Speculerity Coeffident | | v component (pascal) [ lu|
) Marangoni Stress
| |

Wal Boigness ]

Roughness Height (mm) [ |[omstent 4|

Roughness Constant | 0.5 |M

oK | |cancel| | Help

Figure 3.17 Wall dialog box.

Apply second order upwind at Solution method Sef&etond Order Upwind
from drop-down list for all parameter at Spatiab@etization box except Gradient.
Decrease the Under-Relaxation Factor for Discrdtas® 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 box, select X ¥igyofrom Variable list. At Zones to
Patch list select Part_1. Enter O at Value spaca.dimilar manner, patch Y Velocity, Z
Velocity and c16h29 at 0. Click OK to close thedhatialog box.
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Compute from
v.
Reference Frame
(@ Relative to Cell Zone
() Absolute
Initial Values
i ™y
Gauge Pressure (pascal) | B patch B
| 600000 =
Reference Frame Value (m/s) ZonestoPatch EE
X Velodity (m/s) || | @ Relative to Cell Zone 0
E (7 Absolute =
| Use Field Function
Y Yelocity {m/s) Variable _EI i
Y - -ieid Funchion
| 3611825 Pressure - | | = L
Xvelogty [
2 velodity (mfs) | ||Y veloaity L Registers to Patch (5 5]
Z Velocity =
| 0 Temperature B |
= Turbulent Kinetic Eneray
Turbulent Kinetic Energy {m2/s2) || |[Turbulent Dissipation Rate ~
| 1356.792
Turbulent Dissipation Rate (m2/s3) 3
1.015947e +08
| ] (G
EEEEESSSSS—— - — Seae e e s
| mitialize | | Reset |[Patch... | T eSS
Reset DPM Sources | | Reset Stafistics ‘

Figure 3.18 Patch dialog box.

Start the calculation by requesting 120 iteratidfister 120 for Number of Iterations.
Click Calculate. The solution converged in approatiety 100 iterations.
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3.7 PROJECT FLOWCHART & CONCLUSION

START N

|

LITERATURE REVIEW

l > PSM 1

EXPERIMENT MODEL

A 4

|

nao

Modification

EXPERIMENT
SET-UP

l yes

ANALYSIS

v > PSM 2

REPORT

!

END Y

Figure 3.19 Flow chart.

After gathering all relevant information, the prdjeundergoes to experiment
model. In this step, from the knowledge gather fritra review is use to design the
nozzle injector into chamber, and other to compthate system. After completing the
experiment model, the system will be running uddAQ software. All result will be
record. If something errors or problems on thispstihe experiment model will

modified until no error or problems.



32

The next step is analysis result. Result from satioth will be measure and
analyze. The result of simulation includes the itigatomization, and characteristic of
different injection pressure and sac nozzle size $ipray angle and spray penetration.
The different injection pressure use is 10 kPa 4hdPa, and the sac nozzle sizes are

0.2mm.

All the above information will be made into the oef where 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.



CHAPTER 4

RESULTS AND DISCUSSION

4.1 INTRODUCTION

This chapter presents the details of experiment eimagl selection of the
injector type and the pressure develop for the ,tyigentification minimum and

maximum of the injector pressure.

4.2 SPRAY CHARACTERISTICS

The spray characteristics presented in this propagier are the spray tip
penetration, spray cone angle, and overall spraye&ean Diameter (SMD) of each
spray image taken during the injection trigger ¢vd@he SMD was calculated with a
light extinction method and the measurement ewnSIMD values was estimated to be
8 % - 10 %. The spray tip penetration and sprayecamgle were measured directly
from the spray model images. The accuracy of measemts of spray tip penetrations
and spray angles were £0.5 mm and +0.5° respegtiVhe measurements on the sprays
and the data shown in the following figures werenfrone injection event. The
repeatability of spray was examined by inspecting tate of injection system and
needle lift profiles with flow bench measurementsl doth transient profiles were
consistent. Figure 4.1 shows a typical spray patsk the way we measured the spray
angles pulse. The spray angles pulse were obtdéipedeasuring the angle formed by
two straight lines draws from the nozzle tip to thaer periphery of the spray. The
spray angle pulse is expected to vary during thr@ysmjection interval due to the
transient nature of the spray. In order to bettetenstand the change of spray angles

pulse in different areas with respect to time, weasured the spray cone angle pulse at
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two different regions. One is within 10 mm to 20 nmem the nozzle tip and the other
is from 20 mm from the nozzle tip to far downstremjector. As a result, we have two
kinds of spray angles pulse, one is called a ngaysangle pulse and the other one is
called a far spray angle pulse.

' ™
% PicoScope b Automotive - [It_injcurrent.psdata] =NPEn X
Eile Edit Views Measurements Tools Automotive Help
A| 2 6 |[smein 5|1 ] | [0k B | 1of1 ADNEEEEEIEY
Ay [-100..400... [¢] [DC [v]| | By [-0.5..28 [¥] [oc [v] | Cq [OFf [v] [oc [v] | Dy [oFf [v] [oc |§||
57|
f (20) A g
350.0 20 E
3 175
250.0 15
2 128

-100.0
-
: ms

Notes
|CHA using x20, CHE using 60A clamp on Tmv/10mA {204}

@ O | Trigger |Auto |E| ﬂfl B |E| | A Th | 0.13A % | 8%

Figure 4.1 Injector spray pulse

4.3 SPRAY PRESSURE PENETRATION

Figure 4.2 shows the spray pressure penetratidagebf a single and multiple
injection with different back pressures and différajection pressures time. The solid
symbols represent 40 kpa injection pressure cgases. d he open marks represent 10
kpa injection pressure cases open. The spraysupeessth lower back pressure and
higher injection pressure penetrated faster tharsfinays with higher back pressure and

lower injection pressure did. A spray with a largegssure difference between injection
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pressure and back pressure penetrates faster thyur@ 4.3. Toshiba needle lift and
rate of injection profiles spray pressure with aalem pressure difference does. The
pressure difference between the injection presputse and the back pressure pulse
determines how fast the spray can penetrate. Highek pressures pulse made the
ambient density higher in our constant volume chennbhe spray tip penetration was
less sensitive to the change of back pressure pulder higher injection pressure (40

kpa) than it was under lower injection pressurek{i#).

[PEAK VOLTAGE CAUSED —>
BY THE COLLAPSE OF THE
INJECTOR COIL

DRIVER TRANSISTOR TURNS
ON, PULLING THE INJECTOR
PINTLE AWAY FROM ITS

SEAT, STARTING FUEL FLOW

BATTERY m \

(SOURCE VOLTAGE DRIVER TRANSISTOR
SUPPLIED TO INJECTOR) TURNS OFF, ENDING
FUEL FLOW

INJECTOR —> ——

ON-TIME

Figure 4.2: Injector voltage pulse
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Figure 4.3: Injector pulse



36

% Create an analog input cbject to communicace with the
% daca acquisicion dev

ai = apaloginput ('winsound');

addchannel (a1, 1):

Loniiqgure The obhject To aCuire £ SsEconds ol aata.

Fa = 16000:
duracion = 2;

=et (ai, 'Sanplelata', F=a):
set(al, 'SamplezPexlrigger', duracion*Fs):
Start the acguisition and retrieve the data

starc(ai)
data = getdata(ai};

Xffr = pha(ffr|data)) :
mag = 20%logld (xfftc);
mag = magil:end/2):

plot (mag) ;

¥ Clean up.
deleze(ai);

clear ai

grid on
xlim{[OQ B8000)):
Xlapel ('Fregquency ({(Hz)'):

Figure 4.4 Mathlab coding

44  DAQ SOFTWARE SYSTEM CODING

The spray angle is expected to vary during theysipjaction interval due to the
transient nature of the spray. Figures 4.5 shownththlab coding for daq software to
trigger two kinds of spray angles pulse for siniglection sprays with different back
pressures at high injection pressure (40 kpa). HAigker back pressure cases show a
larger near spray angle pulse. The near spray sdge decreased during the injection
interval, with a change of about 8°. After the efdhjection, the near spray angle pulse
increased for all back pressures and the incremses larger than 8° the change of the
far spray angle for each different back pressurayswas less than 50 over the injection
time interval. The far spray angles pulse havestimae trend as the near spray angles
during the early part of injection, but they didt nocrease after the end of injection

trigger. The effects of back pressure pulse orsgitay angle for high injection pressure
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sprays. The near spray angle pulse values chardjethg the injection duration
(1.93msec), by about 9° for back pressures from MBa to 1.65 MPa. The results of
the near spray angle pulse measurements suggeair antrainment effect which
confined the spray and made the spray angle smialtee near nozzle tip region.

[+ Editor - CA\Program Files\MATLAB\R2011b\mydemoal_fftm (= ol E<:
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DE@| @90 | o9- e |b- A0 0A| -~k 0~
Hell| -0 4| +l11 % [S9EY0
i
55 e S— - AP
26 C L& an analog input cbject with ons channel,
&7 a1 aloginput (adaptor, id)i
28 — addchannel (a1, chan);
28
30 % Cong 0g 1nput ch)est.
31 - ser (a1 &', 44000):
32~ handles.aiSamplesPerTrigger = 1024;
4 MATLAB 7.120 (R20113) :S: o sec(ai, 'S lea Trigges', handles.aiSamplesPerTrigger);:
Fite Edit Debug Pamaliel  Desiaop| | 35 % Cong 1gg
DajdvRoC i@ |q)36= 2ec [
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Cuavent Folger w0 | 54 - Fs = get(ai,
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Figure 4.5: Data acquisition toolbox software
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45  SPRAY TRIGGERING PRESSURE

Figure 4.5 presents the dwell effect on the doubjection triggering spray
SMD. The SMD increased from the start of injectaord started to decrease before the
end of the first split injection interval. It deassed further during the time between two
split injections. The longer the dwell between spdit trigger injections, the smaller the
SMD of the spray pulse was before the second iojedtarted the trigger. After the
start of the second split injection trigger, the 3Mcreased until the end of the second
split injection. Again, it decreased after the erfdsecond split injection trigger. We
compared the SMD's of a single injection triggethose of two double injections and
one triple triggering injection. All these casesrevender the same injection pressure
pulse and similar back pressure and have simikdrdaliveries. The dwells for double
injections pulse and triple injections were the e4@% crank angle @ 0.63 msec at 1600
RPM). The SMD's for the single injection spray jeugd the double injections sprays
have the same trend; they increased during thetiofe interval. A longer injection
trigger the interval produced larger SMDs. Aftee tend of injection triggering, the

SMD's became smaller.

4.6 CONCLUSION

The develop of high pressure spray triggering efind and analysis of
injection system has been presented. The analyssperformed to determine the best
maximum pressure to use in DAQ. The experiment ina@s done to get the mode
shapes. The maximum and minimum of the injector svecsessfully performed and the
pressure of the injector can press 40 kpa in maxirpuessure. The summary of the

finding will be present in the next chapter.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 INTRODUCTION

This chapter summarized the conclusion and recordatems for the overall
objective of the project based on Data Acquisifil@olbox software and test analysis of

spray characteristic.

5.2 CONCLUSION

The objectives of this work were to study the d@Beof multiple triggering
injections on spray pressure. From the data oldainethis study, we make the
following summary:

Under high injection pressure (40 kpa), the badsgure high (ambient density) has
less effect on the spray tip penetration than s twa the spray tip penetration length of

low injection pressure (10 kpa).

i For multiple injection pressure sprays, the secamdthird injections
penetrate faster than the first split spray. Thertelh the time spacing
between the two split sprays, the faster the falgwsplit spray can
penetrate.

il Higher back pressure (ambient density) causes phays to have larger

spray angles.
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iii Under high injection pressure (40 kpa), the badsgure (ambient density)
has less effect on the far spray angle than itdmathe high spray angle of

low injection pressure (10 kpa) sprays.

iv Spray angles measured within different regions r(aeal far spray angles)
provide more information on the spray transientrabiristics than a single

multiple spray angle does.

v The near spray angles decreased from the starj@dtion to the end of
throttle injection, and after the end of injectidhe near spray angle

increased.

vi Multiple injections produced more variation in negaray angle during an
entire throttle injection event and they generddéeder far spray angles than
a single injection. Specifically, the near sprayglas for the multiple
injections decreased within every split injectiomerval and increased
during each time spacing between pulse injectitervials and also after the
end of injection pulse. This may be good for thel fspray and ambient air
mixing, indicating the reason why high injectionegsure coupled with
selected multiple injections strategies can redihee high emissions and

particulate for engine combustion.

vii During an throttle injection interval, the overafiray SMD increased. After

or between injection intervals, the overall sprdjsdecreased the spray.

5.3 RECOMMENDATION

There is still scope for further study to impro¥e maximum and minimum

pressure. The recommendations are as follows:

i When using this simulator, creating and changinggeriment is easy, and
the correspondence between the actual parts ohtitel is clear because the

simulator is a block element assembly the model.
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Analytical results corresponded well to the actnaasurements. The
simulator can be used to reduce drastically thebmunof experiments and
the model, this is effective for speeding up depsient the process.

Flow rate has been improved, especially at highnengpeeds running, by

improving the outlet check valve and the cam peodiheck.

The fuel piping system for a V6 cylinder engine wasimized, the pressure
pulsation and the deviation of injection rate wdeereased and increased,
and in addition, the design value of the commoh irgector volume was
clarified.

Using this simulator, we developed an excellent ehathgle plunger pump
and fuel piping injector system that has a largevffate and small pressure
pulsation.
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APPENDIX A

Project Activities

Week

1.Meeting and briefing with
supervisor

2.Do literature review

3. Gathering all relevant
information

4. Make injector sketch m 2D
and 3D

5.Search suitable parameter

6. Design the nozzle injector

and chamber in 2D

7.Prepare a report

8.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. | Prepare a full report
9. | Prepare presentation slide
10. | Presentation for FYP 2
11. | Submit the thesis

Figure A.2: Gantt chart for PSM 2
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Figure 6.1: Set-up the common rail

Figure 6.2: Test the injector maximum pressure
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Figure 6.4: Test the injector characteristic

Figure 6.5: Test high pressure of the injector
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Figure 6.8: Chambering test
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