ONE DIMENSIONAL ENGINE MODELING OF SINGLE CYLINDERFOUR
STROKE ENGINE FOR DIFFERENT CNG INJECTION STRATEGY

MOHD DZULFAHIZI BIN MOHAMAD SALEH

This thesis is submitted as partial fulfilmenttbé requirements for the award of the
Bachelor of Mechanical Engineering with Automotkmegineering

Faculty of Mechanical Engineering
UNIVERSITI MALAYSIA PAHANG

JUNE 201



SUPERVISOR’S DECLARATION

| hereby declare that | have checked this proggort and in my opinion, this
project is adequate in terms of scope and qualityife award of the degree of

Bachelor of Mechanical Engineering with Automotbzegineering

Signature
Name of Supervisor : MOHD FADZIL BIN ABDUL RAHIM
Position : LECTURER

Date : 22 JUNE 2012



STUDENT’S DECLARATION

“All the trademark and copyrights use herein am@prty of their respective owner.
References of information from other sources ameylaccordingly; otherwise the

information presented in this report is solely wofkhe author.”

Signature
Name : MOHD DZULFAHIZI BIN MOHAMAD SALEH
ID Number : MHO9091

Date : 22 JUNE 2012



DEDICATION

Specially dedicated to my beloved family, and thake have guided and inspired
me throughout my journey of study at University Balia Pahang. Thank you very
much and your concerned. I'll be remember untilehd of my life.



ACKNOWLEDGEMENT

Throughout the development of this project | haatnegd chances to learn
new skills and knowledge. | wish to express my aia@ppreciation and gratitude to
my supervisor, Mr. Mohd Fadzil Bin Abdul Rahim fars continuous guidance,
concern, encouragement and advices which gaveratigm to me in accomplish my
final year project.

Special thanks to University Malaysia Pahang fqpsuting and providing
equipment and information sources that assistedtodies and projects.

My sincere appreciation to the lecturers of Facutif Mechanical
Engineering who have put in effort to the lectuaesl always nurture and guide us
with precious advices. Thank you for sharing thegeeriences.

To all my lovely current and ex-roommates and filewho always willingly
assist and support me throughout my journey of &iilut, you all deserve my
wholehearted appreciation. Thank you very much.

Last but not least, to my beloved family, my parand my siblings who
always stand by my side concerning the ups and saimy life. Home is where |
find comfort.



ABSTRACT

A simulation work was conducted to compare thectfferformances in the cylinder
with different injection strategy using compressadural gas (CNG). The study was
based on one dimensional simulation using GT-POW&Rvare. The dimensioning
was made on a motorcycle model FZ150i with singliender four-stroke engine.
The engine was simulated in variations injectiaatsgy with constant speed 4000
rpm with pre-chamber added. The study is focusedhamacterization of in cylinder
pressure and temperature of performance profileef@ry injection strategy. The
other characteristic that has been observed arssems of CO and NOx between
using compressed natural gas (CNG) with gasolie¢ flhe output data are post-
processed using by the GT-POST software. The asabfsthe simulation data
showed the improvements in the emissions using oesspd natural gas (CNG)
where reduction in CO and NOx. The results alsoshmvn that the characteristics
in the cylinder pressure and temperature versuskcaagle engine with constant
speed 4000 rpm using compressed natural gas (CMN@ pre-chamber was added is
lower than base gasoline engine.
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ABSTRAK

Satu kerja simulasi telah dijalankan untuk memhagican prestasi kesan di dalam
silinder dengan strategi suntikan yang berlainangde menggunakan gas asli
termampat (CNG). Kajian ini berdasarkan simuladu sdimensi menggunakan
perisian GT-POWER. Pendimensian ini dibuat ke atemlel motosikal FZ150i
dengan enjin satu silinder empat lejang. Enjinhtedéssimulasi di dalam pelbagai
strategi suntikan dengan kelajuan malar 4000 rpmgae pra-ruang menambah.
Kajian ini memfokuskan profil prestasi pada cinidekanan dan suhu di dalam
silinder bagi setiap strategi suntikan. Ciri-ciain yang telah diperhatikan adalah
pelepasan CO dan NOx apabila menggunakan antarasfjagermampat (CNG)
dengan bahan api petrol. Data keluaran selepasrpsagan adalah menggunakan
dengan perisian GT-POST. Analisis data simulasiungikkan penambahbaikan di
dalam pelepasan gas menggunakan gas asli termé&@i\&) di mana pengurangan
CO dan NOxKeputusan turut menunjukkan bahawa ciri-ciri tekaxdan suhu di
dalam silinder melawan sudut engkol enjin dengatajkan malar 4000 rpm
menggunakan gas asli termampat (CNG) dengan pregrtelah ditambah lebih
rendah daripada enjin petrol asas.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF STUDY

The alternative fuel usage has been growing duwmncerns that the reserves of
fossil fuel all over the world are finite and aetbarly decades of this century will run out
completely. Compressed Natural Gas (CNG) is ortbetlternative fuel that find can be
use as the vehicle fuel to replacing the gasolper¢l) or diesel fuel. This alternative
fuel was having advantages in environment andd@lugon control. The exploitation of
full potential of CNG as an alternative fuels isange of reducing exhaust emissions. In
this study, the engine used is four-stroke engiith gingle cylinder used on gasoline
fuel that is converted to the CNG fuel engine. Hiféerent fuel injection strategy is
about injection fuel with air that through the ndesign of pre-chamber, where it causes
the effects of parameters in engine performancdsanissions. The simulation of engine
modeling is based on the software of GT-Power.

1.2 PROBLEM STATEMENT

The main problem in compressed natural gas (CN@)nenwith pre-chamber
combustion is to achieve the mixing air and fuehwhe exact quantity ratio. The other
problem is the effects in single cylinder four-&&goengine performances and emissions

between gasoline and Compressed Natural Gas (CNG).



1.3 OBJECTIVE

To design and simulate one dimensional model enfpnalifferent injection strategy

analysis based on single cylinder four-stroke emgin

1.4 SCOPES

In order to achieve the study objective stated abthwe following scopes of study have

been defined:-

All the works are based on single cylinder founké& engine.
The operation of engine is at the same speed (400}

Air-fuel mixture ratio method is using high pressdwel injection.

A

The fuel is Compressed Natural Gas (CNG) and gasahi simulation of GT-

Power software.

5. The study is using new design of pre-chamber metiiagjection.

6. The simulation is to observe and analysis the patars of speed, pressure,
temperature, Indicated MEP, Brake MEP, emissionsfCompressed Natural
Gas (CNG) and gasoline and crank angle data.

7. The validation is from the results of different aojion fuel of Compressed

Natural Gas (CNG) and gasoline.



1.5 THESIS STRUCTURE

Thesis structure is briefly explanation to evergmier in this thesis. The structure

of the thesis is as below:-

1. Chapter 1 - This chapter discuss briefly on thejgmtobackground, problem
statement, project objective, and project scope. Mlin purpose of this chapter
is to give early understanding of the overall pcoje

2. Chapter 2 - This chapter includes all the inforovatacquired regarding on the
project which includes the quotes and summary ftbm journals, reference
books and other types of article review. All of timiormation including the
principles, explanations and parameters relatddisoproject were shown in this
chapter for future reference.

3. Chapter 3 - All the methodologies are discuss bjear this chapter and was
illustrated in flow chart for better understanding.

4. Chapter 4 - All the data collected will be furthierresult analysis. The data was
interpreted and will be analyze detail. The simalatest result will be discussed
and analyzed. The validation of the predict resadfsinst experimental results of
the different injection strategy.

5. Chapter 5 - This chapter is the conclusion fortmle project and determines
whether this project had achieved its objectivestased in chapter 1. Further
work such as design improvement also has been gdisduin this chapter and

recommendation for future project development.



1.6 FLOW CHART OF STUDY

1.6.1 Flow Chart PSM 1
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Figure 1.1 : Flow Chart PSM 1



1.6.2 Flow Chart PSM 2

Parametric
study

Validation

\4

@

Figure 1.2 :Flow Chart PSM 2

1.7 SUMMARY

This study is proposed for the new design of ingectstrategy a pre-chamber
engine. The design is simulated by GT-Power softwanere we focus in analyze to the

parameters in the cylinder of engine.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter explains about basic principles initibernal combustion engine,
four-stroke operation, the intake valves operatjpart with new improvement and

importance process in the combustion engine.

2.2 INTERNAL COMBUSTION ENGINE

2.2.1 Historical Perspective

The history of internal combustion engine is sthitg Abi al-'l1z 1bn Isna'il
ibn al-Raaz al-Jazarfrom 1136-1206He described, the first suction pipes, suction
pump, double-action pump, and made early uses bfevaand a crankshaft-
connecting rod mechanism, when he invented a tyiinger reciprocating piston
suction pump. This pump is driven by a water whesilich drives, through a system
of gears, an oscillating slot-rod to which the radswo pistons are attached. The
pistons work in horizontally opposed cylinders, regcovided with valve-operated
suction and delivery pipes. The delivery pipes jaieed above the centre of the
machine to form a single outlet into the irrigat®ystem. This water-raising machine
had a direct significance for the development oflera engineeringHill, D.R. May
1991 and 1996).



2.2.2 Classification Of Internal Combustion Engines

Internal combustion engines may be divided intoegaingroups according to:
the type of fuel used the method of ignition, amel humber of strokes that constitute
a working cycle. The three major types of fuelsduaee gasoline, gaseous fuels, and
fuel oils. The fuel, gasoline, is in liquid formdhis vaporized by being drawn through
fine jets by the powerful suction of the engineidgrthe intake stroke. At the same
time, air is drawn in to mix with the vaporized fu@aseous fuels include natural gas,
blast furnace gas, sewage gas, and producer gas:aNgas is the most commonly
used of these and engines burning natural gassaetin locations where this fuel is
plentiful and particularly as the drive units fasgcompression machinery. Similarly,
engines burning the other types of gaseous fuels bacome common in sewage
treatment plants and steel plants where gaseols dve readily available. Fuel oils
include light oils such as kerosene and heaviersikch as diesel fuel. The heavy oil
engine, commonly called the diesel engine, has napications such as a prime
mover for electrical generation in capacities upl&® 000 kW (Industries News.
2010).

2.2.3 Principle Operation Of Internal Combustion Ergine

The Spark Ignition (SI) engines work on the priteipf cycle of operations
invented by Nicolaus A. Otto in the year 1876. T@empression Ignition (CI)
engines work on the principle founded by Rudolf 4@iein the year 1892. For the
engine to work properly it has to perform some eyaf operations continuously. The
principle of operation of the spark ignition (Shgenes was invented by Nicolaus A.
Otto in the year 1876; hence Sl engine is alse@ddale Otto engine. The principle of
working of compression ignition engine (Cl) was riduout by Rudolf Diesel in the
year 1892, hence CI engine is also called the Desggne.

The principle of working of both SI and Cl engsnare almost the same,
except the process of the fuel combustion that rsccuboth engines. In Sl engines,
the burning of fuel occurs by the spark generatgdhle spark plug located in the
cylinder head. The fuel is compressed to high pressand its combustion takes

place at a constant volume. In Cl engines the hgrmf the fuel occurs due to



compression of the fuel to excessively high presswhich do not require any spark
to initiate the ignition of fuel. In this case thembustion of fuel occurs at constant

pressure. Both Sl and Cl engines can work eithéwonstroke or four stroke cycle.

In the four-stroke engine the cycle of operationthe engine are completed
in four strokes of the piston inside the cylind€he four strokes of the four-stroke
engine are: suction of fuel, compression of fuedpamsion or power stroke, and
exhaust stroke. In four-stroke engines the powearagluced when piston performs
expansion stroke. During four strokes of the engwe revolutions of the engine's
crankshaft are produced. In case of the two-strolke, suction and compression
strokes occur at the same time. Similarly, the egjpa and exhaust strokes occur at
the same time. Power is produced during the exparsgiroke. When two strokes of

the piston are completed, one revolution of tharexig crankshatft is produced.

In four-stroke engines the engine burns fuel ofretwo rotations of the
wheel, while in two-stroke engine the fuel is buonte for one rotation of the wheel.
Hence the efficiency of four-stroke engines is tgedhan the two-stroke engines.
However, the power produced by the two-stroke erggis more than the four-stroke

engines (Khemani, H. 2008a).

2.2.4 Four-Stroke Spark Ignition (SI) Engine Cycle

In a four-stroke spark ignition (SI) engine theleyof operations of the engine
are completed in strokes of the piston inside tylender. The four strokes of the
piston are: suction, compression, expansion or poared exhaust. Each stroke will

be described in detail.

In a four-stroke engine the cycle of the operatbrengine is completed by
four strokes of the piston inside the cylinder. iDgrthese four strokes fuel is once
injected and burnt inside the engine and two reiats of the crankshaft are
obtained. In a four-stroke spark ignition (SI) erethe burning of the fuel occurs by

the spark generated from the spark plug.



Here are the four strokes that occur inside thenglne during its operation:

1) Suction stroke At the beginning of this stroke the piston istla top dead
center or near the cylinder head and is about tgemaown. At this instance the
inlet valve fitted in the cylinder head is openexl dhe exhaust valve remains closed
due to the pressure difference. As the piston mal@sn the suction pressure is
created inside the cylinder, drawing an air-fuektone into the cylinder. When the
piston reaches the bottom most position or botteaddenter, the suction stroke ends

and the inlet valve is closed.

2) Compression stroke During this stroke the piston starts moving frbattom
dead center to top dead center. As the piston mapeshe air-fuel mixture gets
compressed into the clearance volume of the cylinlethe end of the stroke the
spark is generated by the spark plug, which catledurning of the fuel and the
release of large amounts of thermal energy. Duéhi® heat, high pressures are

generated.

3) Expansion or power stroke The large amount of pressure generated at the
end of the compression stroke pushes the pistoarttsithe bottom dead center. It is
during this stroke that the actual power is produog the engine, hence this stroke is
called the power stroke and since the expansi@asés occurs during this process, it
is also called the expansion stroke. During thiskst, both the inlet and exhaust

valves remain closed.

4) Exhaust stroke Towards the end of the expansion stroke the inddve
remains closed while the exhaust valve opens dtieetinternal and external pressure
difference. The piston starts moving in an upwardation and all the residual gases
that are left after the expansion stroke are sveepside the cylinder and escape
through the exhaust chamber. At the end of the esthstroke, the piston reaches top
dead center position and then starts moving irdtdvenward direction to suck the air-

fuel mixture and complete the suction stroke.

In this way the cycle of operations of a four-seoéngine keeps repeating

until your vehicle is running. During these fouredte, or two revolutions of the
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crankshatft, the fuel is injected only once. Forrieximum efficiency of the vehicle it
should produce maximum power during the power strakd produce minimum

exhaust during the exhaust stroke (Khemani, H. Bp08

Isentropic process

Constant volume process

M

Y

V —ae >

Figure 2.1 :ldealized Pressure/volume diagram of the Ottoecycl

Source :Khemani, 2008c

From figure 2.1, shown the ideal Otto cycle comgmi®f two isentropic
(constant entropy) and two constant volume prosesBee Otto cycle is an open
cycle or non-cyclic process since the fresh ait-faanixture is inducted inside the
engine during each cycle and the burnt mixtureeleased to the atmosphere. To
understand these processes let us consider pistboyéinder engine air-fuel mixture

as the working fluid. Refer the P-V diagram givémlove:

1) Air-fuel intake process 1-2: During this procese thlet valve of the engine is
open, the piston moves towards the bottom posihdncting air-fuel mixture at

constant pressure.
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2) Isentropic compression process 2-3: During thiscgse the inlet and exhaust
valves of the engine remain close and the air-fuetture, which has been

inducted inside the cylinder, is compressed tanh@mum volume.

3) Combustion of air-fuel mixture at constant volumd:3Thereafter, the air-fuel
mixture inducted inside the cylinder is combusted the spark at constant
volume; hence these engines are called sparkaegnéingines. This leads increase

in temperature and pressure inside the cylinder.

4) Isentropic expansion process 4-5: Due to extrerhaip pressure, the piston is
pushed again towards the bottommost position ofciimder. It is during this
process that the actual work is produced from tiggne.

5) Constant volume process 5-6: During this procese#haust valve opens and all
the exhaust gases are ready to be released tontlosphere. The pressure inside
the cylinder falls drastically.

6) Exhaust process 6-1: During this process the exhae is open and the piston
moves upwards and removes all the exhaust gases ithe cylinder at constant

pressure.

Thereafter the exhaust valve closes, the pistorisstaoving in downward
direction, the inlet valve opens and fresh air-fwetture is inducted. The whole cycle
is completed in four strokes of engine, hence daided four-stroke engine (Khemani,
H. 2008c).

2.2.4.1 Indicated Powerif)

Power is defined as the rate of doing work. In @halysis of cycles the net
work is expressed in kJ/kg of air. This may be @sted to power by multiplying by
the mass flow rate of air through the engine inpkg unit time. Since, the net work
obtained from the p-V diagram is the net work piethin the cylinder as measured

by an indicator diagram, the power based theres d@rined indicated powaep.
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ip = my x net work (2.1)

where,

m, = kg/s
net work =kJ/kg of air
ip = kW

In working with actual engines, it is often deslelo computeip from a
given pn and given engine operating conditions. The necgssamula may be
developed from the equation of net work based enntlean effective pressure and
piston displacement.

Indicated power is then given by;

Indicated power = Indicated net woek cycles/s

P SANK

(2.2)
ip= 600C

where,

ip = indicated power (kW)
pim = indicated mean effective pressure (Nj m
S = length of the stroke (m)
A = area of the piston @
n = number of power strokes per minute per cdim(rpm/2 for a four-
stroke engine)

K = number of cylinders
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2.2.4.2 Brake Power lfp)

Indicated power is based on indicated net work iarthus a measure of the
forces developed within the cylinder. More pradticderest is the rotational force
available at the delivery point, at the engine ksiaft, and the power corresponding
to it. This power is interchangeably referred to bmake power, shaft power or
delivered power. In general, only the term brake/grobp, has been used to indicate
the power actually delivered by the engine. Frictmwer is that part of the total
power necessary to overcome the friction of the imgpyarts in the engine and its

accessories.

The relationship between them is,

bp=ip-fp (2.3)

It may also be stated thbp is that part of the total power developed by the

engine which can be used to perform work. (Ganesa2008)
2.3 COMPRESSED NATURAL GAS (CNG) ALTERNATIVE FUEL

The use of Compressed Natural Gas (CNG or simply, N&5a clean and
cheap solution for domestic use. Although it is elydavailable for residential use,
the case with natural gas vehicles (NGV) is conghetlifferent. The advantages of
natural gas (NG) as a vehicle fuel outnumber thressai gasoline. Just to name a few,
it only costs half the price of gasoline, it isexabecause it is less likely to cause an

explosion or fire after an accident, and enginedess prone to wear.

Although NG is much cheaper than gasoline, vehitias use it as a fuel are
not very popular. One of the major reasons is dlo& bf an adequate number of NG
refueling stations, making long distance traveldars and light trucks very difficult.
The situation however could improve and a numbercahpanies have recently
undertaken the task to build such stations andlgufgets with significantly lower
costs than gasoline. Another option is the use wdfaeling appliance connected to

the home's supply (Aggeliki, K. 2011).
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Compressed Natural Gas (CNG) is increasingly ssesnaeffective alternate
fuel for internal combustion engine. Based on (BakRa A. 2002) benefit using CNG

include:

» Higher octane number in the range of 120 to 130.

» Higher flammability compared to gasoline.

* Burns cleaner than most fuel.

« Safer; it is lighter and dissipates quickly. It iigs quickly, it ignites only
when the gas to air ratio is between 5 — 15% bymel

* Because it is a clean burning fuel, it reduces rdguired maintenance of
vehicle.

* Plenty of reserve; there is an estimated 65-70 ge@ply of natural gas.
Besides made from fossil, natural gas can also hdenfrom agricultural
waste, human waste and garbage.

» Cheaper per litre equivalent than gasoline, lean tfasoline and 12% to 74%
less expensive than diesel. In Malaysia, the CNiGeps half less expensive

compared to gasoline.

Table 2.1: Fuel Requirements for Various Alternative Fuels

Fuel Storage Fuel Fuel Fuel Storage | Calorific
Pressure | Storage | Container | Temperature Value
(bar) Volume Weight (Deg ©) NET
(litres) (kg) (MJ/kg)
Diesel 1 135 30 15 42.9
Petrol 1 160 35 15 43
CNG 200 540 460 15 472
LPG 8 230 70 15 46.1
ILNG 6 260 80 -161 47.2
Methanol 1 300 70 15 19.7
Electric 1 - 5000+ 15 -
Hydrogen 300 270 950 15 119.8

Source : Stratton, 1996
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The United Kingdom bus manufacturer has alreadjuated eight promising
alternative fuels as shown in Table 2.1. The resshbwed that natural gas altogether
with biomass, electric and hydrogen have an oppdytuo replace gasoline and
diesel. There are three forms of natural gas: figdenatural gas (LNG), liquefied
petroleum gas (LPG) and compressed natural gas JCBiGdh LNG and CNG are
based on methane. The difference is LNG made hbygeeating natural gas to
condense it into a liquid while CNG still in thesgmus form. LNG is much more
denses than CNG. Therefore, LNG is good for largeks that need to go a long
distance before they stop for more fuel. LPG iseldagn propane and other similar
types of hydrocarbon gases. These hydrocarbongases at room temperature, but

turn to liquid when they are compressed.

2.3.1 The Potential of CNG

CNG is the most common form on-board storage afrahgas. It is a mixture
of hydrocarbons consisting of approximately 80 @ pg&rcent methane in gaseous
form. CNG is colorless, odourless, non-toxic biutammable and lighter than air.
This is due to low energy density and compresseatpgressure of 200 to 250 bars to

enhance the vehicle on-board storage in a cyli(ddrich and Chadler, 1997).

CNG has a low carbon (C) weight per unit of eneAgy.a result emissions of
CO2, a greenhouse gas, can be reduced by mor@@arcompared with gasoline at
equivalent level of work. Moreover, there is alditwall flow fuel in the intake
manifold even at low temperature because of the@asstate of CNG. Combustion

temperature for CNG fuel also tends to be lowen tlvdh gasoline engine.
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Table 2.2 :Emissions reduction by CNG

Emissions Reduction against Gasoline Reduction agamst Diesel
Carbon 22-24% 10%
Monoxide
Carbon 76% Natural gas and diesel both low
Dioxide
Nitrogen 83% 80%

Oxides

Non Methane 88% 80%
Hydrocarbons

Benzene 99% 97%
Lead 100% Not applicable
Sulphur Nearly 100% Nearly 100%

Source :Bakar, 2002

In addition, CNG was expected from HC emission t¢®ubecause it is
harmless for living things. This was accomplishe#ting advantage of the HC
emission level counted by non-methane hydrogerocafliMHC), a newly stipulated
measurement of HC emission level, and can be reldogenore than 80% compared
with gasoline. Detail comparison between CNG arsblijae can be seen in Table 2.2
and 2.3.

Table 2.3 :Methane and Gasoline Characteristics

Characteristics Methane Conventional
Gasoline

Octane Rating Up to 130 95

Mass Heating Value (kJ/kg) 50.009 42.690

Energy content of the carbuﬂptted 3.10 3.46

mixture (kJ/dm’)

Lower inflammability limit (m/s) | 0.50 0.60*

Lamunar flame speed (ci/s) at an | 30 37.5%

equivalence ratio of 0.80

Minimum ignition energy (mJ) 0.33 0.26%*

Adiabatic flame temperature (K) | 2.227 2.266

* Data for isooctane *#* Data for butane

Source :Guibet and Faure-Birchem, 1999
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However, CNG fuel has some disadvantages thatddmits potential to

achieve the optimum engine performance, such as:

Since CNG is in gaseous form, it has a low den€lityG in the mixture drawn
into the cylinder displaces approximately 8 to 16%wxygen. This reduces
the volumetric efficiency due to larger space oeedpin the combustion
chamber available for combustion.

CNG has a low flame speed. Its burns slower thaweational fuels, such as
gasoline and diesel. These effects the total cotidvusluration prolonged
compared with diesel and gasoline. This can causetl@er reduction in the
engine output of 5 to 10%.

Absence of fuel evaporation. When gasoline evapsrdtequired before
combustion), the energy required for the phase ghalecrease intake charge
temperature and air partial pressure. The decrneasamperature offsets the
decrease in air partial pressure and results ios#iye increase to volumetric
efficiency of about 2%. CNG does not evaporate tegefmmbustion, losing

any potential gain from the heat vaporization (Aevdiand Bradley, 1975).
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CHAPTER 3

METHODOLOGY

3. INTRODUCTION

In this chapter, all the methodologies are disalsarly and illustrated in flow
chart for better understanding. The specificatibamaha FZ150i engine also stated
to do the further study on engine performancesaners parameters.

3.1 SPECIFICATION ENGINE

The engine specification is shown in Table 3.1. Types of fuel will be used;

gasoline and compressed natural gas (CNG). Theds will be used at different

simulation.

Table 3.1 : Specification Of The Engine
Specification Data Details
Engine type Liquid-cooled 4-stroke ,SOHC, 4-valve
Cylinders Single cylinder
Displacement 149.8 c¢in
Bore x stroke 57.0 x 58.7 mm
Compression ratio 10.4:1
Volume Compression Space 9.9 ~ 10.5 cm
Intake valve clearance 0.1 ~0.14 mm
Exhaust valve clearance 0.2 ~0.24 mm

Injector Type 6 holes, 125 ¢fmin, 250 Kpa
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The dimension for piston also stated for used napater of GT-Power software. The

data dimension is shown below:-

Table 3.2 : The Dimension Of Piston

Dimensions Data
Diameter 57 mm
Height 32.1 mm
Pin axis distance 18.1 mm
Piston weight 78.2 mm

The mark of direction exhaust hole

Figure 3.1 : The piston of engine motorcycle type FZ150i
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3.2 FLOW CHART

In this chapter, the flow chart will be shown in maletails from chapter 1.
The flow chart of FYP 1 is shown below:-

Confirmation of
the Final Year
Project title

y

Define the
objective and
scopes

A

Engine taydown
and
dimensional

|

Measurement
and
modeling

v

Complete
engine
assembly

WEEK 2 - In this week, student must find the
supervisor to do the confirmation of the FYP tiad

discuss about the title that has been given.

WEEK 3 -

supervisor to define the objective of study andpscto

The student must discuss with

make further study about FYP title.

WEEK 4 & 5- The taydown of engine will be
done in this week and the model engine is Yamaha
FZ150i is used. The dimensional of engine will éleen
after the engine is detached into part.

WEEK 6 - The measurement on the parts of

engine must be done in this week. The modeling of

engine will be created by the SolidWork software.

WEEK 7 & 8 -

modeling on the parts of engine, the engine will be

After done the measurement and

assembly in two weeks.
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WEEK 8 - The modeling of engine on GT-
Start Power software will be doing on this week. The niioge
GT-Poyver engine will be refers to the measurement that heenb
Modeling
taken. The engine modeling will create in 1 Dimensi
model.
] WEEK 9 - In this week, the problem setup will

be doing after the modeling of engine done on the G

Problem setup | power software. The parameters that will be obsenvthe

one dimensional modeling engine, will be discusshwi

supervisor to ensure the selected parametersrsoctor

WEEK 10 - The initial run on the model of
Initial run engine in the GT-Power software will be doing oms th

week. The initial run will be implemented when #ile

problem setup is done and has been identified.

WEEK 11 - The control system design will be

Control system implemented on this week. This work will be disads

design with the supervisor to ensure the all works in Gower
software is following the procedures.
v WEEK 12 - In this week, the defining the cases of
Defining study by student will be ensure and approved by

cases of study observation and checked of supervisor. The supsrwsl

check the works and cases study that will be dope b

student.

WEEK 13 - The documentation for all works and
Documentation study by student will be check and approval by suiper.
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3.3 GT-SUITE

GT-Power is an application included in GT-Suite @leped by Gamma
technologies, Inc. GT-Power is used by many engate¢le manufactures and
developers to simulate and analyze the workingcjpies of engines. GT-Power can
be combined with several other simulation softwzaekages (Gamma Technologies,
2004).

GT-Power uses one dimensional gas dynamics togepté¢he flow and heat
transfer in the components of the engine models&lemponents are linked together
with connection objects. Within the componentsphaperties must be defined by the
user. GT-Power works with a pre-processor (GT-18k}his environment the model
is built and the properties are defined. The sobadculates the mass and energy flow
through the different components and the resultthefcalculations are shown in a

pre-processor (GT-Post).

GT-POWER

¥ h 4 ¥

GT-ISE GT-SOLVER GT-POST

Figure 3.2 :Block diagram GT-Power
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3.3.1 Engine Modeling In GT-Power Software

In this study, the computer simulation method udiifj Power software is
used. The model of gasoline engine and Compresaagd &l Gas (CNG) engine have
been developed using GT-Power software based froenréal engine data of
measurements. The engine specification is accorttingble 3.1 that have shown

above. The engine model using GT-Power softwastasvn below:

= @ R @ o (R
pre--_:hg{l}'anr-ﬂ:_l. .. prechamperdz
Loy
& l . &
3 4
=B E
intrupfier-01 cylinder
GO B @ oM w8 3 8
e intwslve-02
empitdl . s
jE]
==
Engime

Figure 3.3 : The One Dimensional of engine model that has ldeseloped in GT-

Power software.

In the figure 3.3, each name of parts is showméntable 3.3 by numbers.
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Table 3.3 :Names of Parts of Model Engine in GT-Power Sofevar

Parts of Model Engine Numbers
The Intake Environment 1

The Exhaust Environment 13

The Intake And Exhaust Orifice Connection 2,412 19,21
The Intake And Exhaust Pipe Connection 3,12
The Intake Valve 6,7
The Fuel Injector 23

The Exhaust Valve 8,9

The Intake And Exhaust Pipe Split Connection 5,10
The Engine Cylinder 16

The Engine-To-Cylinder Connection (Crank) 14
The Engine Crankshaft 25

The Pre-Chamber 20

The End Flow Cap For Pre-Chamber 22

3.4  MODELING METHODOLOGY

A model of 1 dimensional single cylinder four &®aS| engine with different
injection strategy using CNG fuel is built withinT&?ower. The model is build up

from several different parts that all will be dissed in this chapter.

3.4.1 Engine Cylinder Part

The first part will represent the single cylindeuf stroke Sl engine. Within
the engine model specifications must be given ime $tart of cycle is the point in
which the calculation is started. This point sholbddequal to or slightly after intake
valve close of cylinder number one. This value does affect the simulation
predictions. It only specifies the starting andiegdangle within a cycle over which

integrated and averaged predictions are measured.
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| M Bore =
TDC T et e N4 —Head
Clearence — |[///| | — KA
Height 7777 L S a7
AR o ||
i = q A .
o 1 ~/1Gonnecting
BN . | |7/ Rod
| | : L '\ | | 7/ ]length
A1 1 1y, \ | VA )
g _.: _-—i“ -.T“-\-.,‘__._i._
DNrist Pin | | N N EE= b2
offset b e
Stroke : { ;. A ' i

Figure 3.4 : Engine setup GT-Power

Here the bore is the bore as defined in figure Bhkn, the connection rod
length between the centers of the rod and pistorbparings is shown. The wrist-pin
offset relative to the crankshaft axis when thestypin bearing position on the piston
end is projected toward the crankshaft on a linelf® to the cylinder axis as is
shown in figure 3.4. The compression ratio is thgor of the maximum cylinder
volume divided by the minimum cylinder volume ame tcylinder clearance height
from the top of the piston to the top of the cykndavall when the piston is at top dead
center. This attribute is used to calculate thendg@r wall surface area used for in-

cylinder heat transfer calculations.
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These parameters are collected and correspondthgtidata shown in the
table 3.4. The reference state for volumetric afficy is used strictly as a reference to

calculate volumetric efficiency. This object usyaltorresponds to the ambient

conditions.

Table 3.4 :Engine parameters
Parameters Values
Bore [Mm] 57.0
Stroke [Mm] 58.7
Connection Rod Length [Mm] 100
Number Of Cylinders 1
Compression Ratio 10.4
Intake Open BTC 29
Intake Close ABC 59
Exhaust Open BBC 59
Exhaust Close ATC 29
Intake Center 105
Exhaust Center 105
Degrees Overlap 58

3.4.2 Burner Part

This object is used to model a cylindrical pipewhich any combustible
mixture passing through is burned (with no ignitalay). This part is defined as pre-
chamber in these cases of study. Fuel may flowtimedourner from an adjacent flow
component or may be injected directly into the leurfror non-zero values some fuel
may completely pass through the burner withoutdpeurned. This attribute does not
have a precisely physical implementation, and thust be calibrated to achieve the
desired rate of combustion. A Burner (pre-chamb®ay be placed between any two
flow components and may be connected by any flomneotion. The port numbers

may be arbitrarily assigned, but they must be nusmbend 2.
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3.5 PROBLEM SETUP

The problem setup is focusing on different comgedsnatural gas (CNG)
injection strategy analysis based on single cylinder-stroke engine. The same

speed is applied on all case of study which 4000. rp

3.5.1 Case One

a) For this case study, the model engine is usvg different fuels which is
compressed natural gas (CNG) and gasoline fuehemormal engine. The
injection duration (crank angle array) is set to @@nk angles (CA), the
injection pressure (profile array) is set to 25skamd the injection timing (start
of injection) is set to 30 crank angles (CA). THeta is set to default value.
The difference result that we get is to comparepddormance and emission

in the cylinder of engine.

b) The other study that we running in the simulai®using direct injection (DI)
engine compare with the pre-chamber S| engine die of injection duration
(crank angle array), the injection pressure (peofifray) and the injection
timing (start of injection) is set to the defaultlwe. The difference result that
we get is to compare the performance in the cyfimdeengine focus on the

pressure versus volume in the cylinder. The vabdais in this case study.

3.5.2 Case Two

In this case study, the model engine is using pesxber Sl engine with
variance injection pressure (profile array). Theiarace injection pressure (profile
array) is start with 25 bars until 100 bars. Thead# injection duration (crank angle
array) and the injection timing (start of injectjois set to the default value. The
difference result that we get is to compare thdoperance in the cylinder engine,

focus on the characteristics of pressure and testyoerin the cylinder.
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3.5.3 Case Three

In this case study, the model engine is usingchenber Sl engine with
variance injection timing (start of injection). Thariance injection timing (start of
injection) is start with 25 crank angles (CA) urtd crank angles (CA). The data of
injection duration (crank angle array) is set te ttefault value but the data in
injection pressure (profile array) is set basedtlon result of highest or maximum
pressure from the case two. The difference re$at we get is to compare the
performance in the cylinder engine, focus on tharatteristics of pressure and

temperature in the cylinder.

3.5.4 Case Four

In this case study, the model engine is using pesrber Sl engine with
variance injection duration (crank angle array)e Tariance injection duration (crank
angle array) is start with 25 crank angles (CA)luHa crank angles (CA). The data of
injection timing (start of injection) is set based the result of highest or maximum
pressure in case three and the data in injectiesspre (profile array) is set based on
the result of highest or maximum pressure fromdage two. The difference result
that we get is to compare the performance in tHendsr engine, focus on the

characteristics of pressure and temperature ioyheder.
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CHAPTER 4

RESULT AND DISCUSSION

4.0 INTRODUCTION

This chapter deals with the result from simulatadrone dimensional engine
models of single cylinder four stroke engine witiffedlent injection strategy using
CNG fuel. The plotted parameters results are cglindressure, temperature and
concentration emission species versus crank angleatso P-V diagram in every

case.

41  COMPARISON GASOLINE ENGINE WITH COMPRESSED
NATURAL GAS (CNG) ENGINE

A comparison between CNG and gasoline fuel witlginal model Sl engine
are studied. The second comparison is between psexwith using direct injection.
The specification of engine is same with normal etaf single cylinder four stroke
Sl engine (model FZ150i) in every case. In figurg, 4he modeling of normal engine
which following the specification are completed dras been simulate with different

fuel.
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Figure 4.1: The original Engine Configuration With Indirecféation Sl Engine

4.1.1 P-V Diagram Comparison

In figure 4.2, the Pressure versus Volume diagraomfsingle cylinder four
stroke Sl engine with indirect injection are showrom the figure, the gasoline fuel
is produced higher pressure in the cylinder wittB30 bars, while the CNG fuel is
produced below than 40.973 bars after combustioT@€. This is because the

energy of density CNG fuel is lower than gasolinel f

In this case, the temperature is decrease wheraudges the decreasing of
pressure in the cylinder and the other effectshan dylinder are the mean effective
pressure (MEP), where it is decreased and affectee power and torque. We can
conclude that the characteristic in the cylindett #re performance of CNG engine is

lower than gasoline engine.
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Figure 4.2 : P-V diagram in the cylinder SI Engine between CN& and Gasoline

fuel.

4.1.2 NOx Emission Comparison

From figure 4.3, we can see that the gasoline iigiroduced emission of
NOx higher than CNG fuel which it is 108.225 ppmncentration. While, the CNG
fuel just produced 0.4338 ppm concentration in tdyinder after TDC (after
combustion). From here, we can conclude that th& Qixbduced less emission is
because when changing the fuel from gasoline taraktgas, its H/C ratio is
approximately changed from 1.8 to 3.7 to 4.0. Teeyvow levels of NOx and carbon

monoxide (CO) emissions can be achieved at leavaquce ratios.
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Figure 4.3 : Average in the cylinder NOx concentration betw€NG fuel and

Gasoline fuel.

42 COMPARISON BETWEEN PRE-CHAMBER AND DIRECT
INJECTION

The comparison between pre-chamber and directtiore¢DI) on single
cylinder four stroke Sl engine are studied. Theirg4.4 and 4.5 present a physical
comparison of one dimensional direct injection aegnodel with the pre-chamber Sl
engine, where we want to show the different desijlone dimensional model of

engine.
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Figure 4.4 :Model One Dimensional Direct Injection On Singigi@der Four

Stroke SI Engine.
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Figure 4.5 :Model One Dimensional Pre-Chamber On Single @girFour Stroke

Sl Engine.
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4.2.1 Comparison Between Pressure And Temperature

The figure 4.6 is presents a comparison of P-&gidim between with pre-
chamber and direct injection on single cylinderrfstroke Sl engine. The pressure
with the pre-chamber are lower than direct injecgmgine, where the direct injection
engine is produced 49.75 bars while the pressupgesthamber engine are produced

23.225 bars. This is because, the usage of pretramduce the engine compression

ratio.
50
45 +
40 £
F = With Prechamber
35 £ — with Direct Injection
30 +

Pressure (Bars)
N
(03]
]

15 +

10 +

Volume/Max (m3)

Figure 4.6 : P-V Diagram In The Cylinder S| Engine Between dsitre-Chamber
With Direct Injection.
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Based on figure 4.7, the maximum temperature enciflinder of pre-chamber
engine, the maximum temperature is 1040.7137 Kemvihen using direct injection
engine, the maximum temperature is 1951.985 K whidicated a rapid combustion
with relative to the top dead centre (TDC) but ire-phamber engine it is not

perfectly mixed in the combustion chamber.

2000 .
1800

1600 1 = with Prechamber

1400 J —— Wwith Direct Injection

1200

1000

Temperature, K

800

600

400

200 I 1 1 1 1 F 1 1 1 1 } 1 1 1 1 } 1 1 1 1 |
-180 0 180 360 540

Crank Angle, CA (theta)

Figure 4.7 : Maximum Temperature In The Cylinder Using With igamber And

Direct Injection Sl Engine.
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4.3 DIFFERENT INJECTION PRESSURE USING PRE-CHAMBER
ENGINE

In this case, the injection pressure (profile ar@yinjector will set to 25 bars,
50 bars, 75 bars and 100 bars to see the diffpemdrmances in the cylinder. The
comparison pressure and temperature in the cyliwttardifferent injection pressure
(profile array) in injector using CNG fuel with pahamber on Sl engine is shown.

From the figure 4.8, the graph pressure versuskceagle with different
injection pressure (profile array) from 25 barsl@0 bars is shows that the peak is
nearly same. The figure 4.9 is shows that the peaksessure in the cylinder versus
different injection pressure (profile array). Theosh higher pressure produced by
using 25 bars injection pressure (profile array)oht?23.23 bars in-cylinder SI engine
while using pre-chamber. The pressure in-cylindmreased to 23.17 bars when the

injection pressure (profile array) is increased @0 bars.

25
20
- Injection Pressure, 100 Bars
g 15
Q Injection Pressure, 75 Bars
()
2 Injection Pressure, 50 Bars
§ 10
a Injection Pressure, 25 Bars
5
0 I L L 1 1 I L 1 1 L I 1 L L 1 I L L 1 1 I
-180 0 180 360 540

Crank Angle,CA (theta)

Figure 4.8 : Graph pressure versus crank angle with differgettion pressure

(profile array) from 25 bars to 100 bars.
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Figure 4.9 : Graph between peak (maximum) pressure in cylindesus different

injection pressure (profile array) in injector.

In figure 4.10, the graph temperature versus crangle with different
injection pressure from 25 bars to 100 bars is shdwom this graph, the difference
peaks or maximum also so close. Figure 4.11 aresiitat the peaks of temperature
versus different injection pressure (profile arreyth clearly. The higher temperature
is produced by 25 bars of injection pressure (pdrray) in injector is 1040.71 K.
While when we increased the value of injection gues (profile array) to 100 bars,
the temperature will decreased to 1036.8 K whiclamsethe best injection pressure

(profile array) in this case is 25 bars in injector
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Figure 4.10 :Graph temperature versus crank angle with commpahbgtween

injection pressure from 25 bars to 100 bars.
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Figure 4.11 :Graph between peak (maximum) temperature in thedsr versus

different injection pressure (profile array) inanjor.
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4.4  DIFFERENT INJECTION TIMING USING PRE-CHAMBER EN GINE

In this third case study, the injection timing (staf injection) will be set from
25 degrees of CA to 40 degrees of CA. The compangessure and temperature in-
cylinder with different injection timing (start afjection) in injector using CNG fuel
with pre-chamber on Sl engine is shown below. Tipection pressure (profile array)
is 25 bars which selected from second case studgrenvthe highest pressure and

temperature in the cylinder and will be set to¢bastant.

From the figure 4.12, graph pressure versus cramfle with different
injection timing (start of injection) from 25 degs of CA to 100 degrees of CA is
shows that the peak pressure are nearly same dboreese. The figure 4.13 is shows
that the peaks of maximum pressure versus diffenejetction timing (start of
injection) with clearly. The maximum pressure isemntthe injection timing (start of
injection) is set to 30 degrees of CA which 23.28sbin the cylinder with pre-

chamber.

20
4
@
- Injection Timing, 25 theta
2 15
< Injection Timing, 30 theta
>
"é Injection Timing, 35 theta
= 10
g Injection Timing, 40 theta
A
g
a 5

0 1 : : ! : i ! : : ! t : ! ! : } ! : ! ! |
-180 0 180 360 540

Crank Angle, CA (theta)

Figure 4.12 :Graph Pressure Versus Crank Angle With Differaepdtion Timing
(Start Of Injection) From 25 Degrees Of CA to 40gees Of CA.
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Figure 4.13 :Graph Between Peak (Maximum) Pressure In The GgfivVersus
Different Injection Timing (Start Of Injection) limjector.

From the figure 4.14, the peaks or maximum valueery close that cannot be
seen clearly. In figure 4.15, the peaks or maxintemperature is shown clearly. For
temperature case, we get the different value wttexehigher temperature is on 40
degrees of CA which has been set in injection tgn(start of injection). The
temperature for injection timing (start of inject)o30 degrees of CA is 1040.71 K
lowers than temperature of injection timing (staftinjection) 40 degrees of CA
which is 1045.5 K.
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14 :Graph temperature versus crank angle with differgaction timing
(start of injection) from 25 degrees of CA to 4@ukes of CA.
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Injection Timing @ Start of Injection, (theta)
.15 :Graph between peak (maximum) temperature in thedsr versus

different injection timing (start of injection) injector.
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4.5 DIFFERENT INJECTION DURATION USING PRE-CHAMBER
ENGINE

In this case, the injection timing (start of inject) will be set from 25 degrees
of CA to 40 degrees of CA. The comparison pressuneé temperature in-cylinder
with different injection duration (Crank Angle Aglausing CNG fuel with pre-
chamber on Sl engine is shown. The injection tin(stgrt of injection) 40 degrees
crank angle are selected from third case study eviiee highest temperature in-

cylinder and will be set to the constant.

From the figure 4.16, the graph pressure versaskcangle with different
injection timing (start of injection) from 25 degsof CA to 40 degrees of CA shows
the result different injection duration producedmgarable maximum cylinder
pressure for each case. In figure 4.17, the graphden peak (maximum) pressure in
the cylinder versus different injection duratiomaftk angle array) in injector has
shows that the higher pressure in the cylinderrgiree with pre-chamber is on 25
degrees of CA injection duration (crank angle ariay24.2 bar. When the injection
duration (crank angle array) is set to 40 degrdeSAy the pressure is dropped to
23.12 bars in the cylinder.

Injection Duration, 25 theta
Injection Duration, 30 theta
Injection Duration, 35 theta
Injection Duration, 40 theta

Pressure In-Cylinder, Bars

Figure 4.16 :Graph Pressure Versus Crank Angle With Differefgdtion Duration
(Crank Angle Array) From 25 Degrees of CA to 40 B of CA.
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Figure 4.17 :Graph between peak (maximum) pressure in thedstinersus

different injection duration (crank angle arrayjnjector.

From the figure 4.18, the graph temperature vecsaisk angle with different
injection timing (start of injection) from 25 deg@sof CA to 40 degrees of CA shows
the result with very close value that cannot baxsgearly. In the figure 4.19, we can
see clearly that graph between peak (maximum) teatyre in-cylinder versus
different injection duration (crank angle array)imector. The maximum temperature
in-cylinder is 1066.05 K which on 25 degrees of @Anjection duration (crank angle
array). When the injection duration (crank anglagyis set to 40 degrees of CA, the
temperature is dropped to 1045.5 K which mean2thedegrees of CA in injection

duration (crank angle array) is more suitable fig tase.
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Figure 4.18 :Graph temperature in the cylinder versus crankeangh different

injection duration (crank angle array) in injechmm 25 degrees of CA to 40 degrees
of CA.
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Figure 4.19 :Graph between peak (maximum) temperature in thedsr versus

different injection duration (crank angle array)njector.
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.0 INTRODUCTION

This chapter presents the conclusion for the whobdgect based on objectives
as stated in chapter 1. The recommendation forhdurtwork such as design

improvement also has been discussed in this chapter

5.1CONCLUSION

From the results, we can conclude that the emidsittngen Oxides (NOXx) of
CNG fuel is reduced by more than 80% compared gdhkoline and the Carbon
Dioxides (CO2) reduced by more than 20% compardd gasoline. Based on P-V
diagram, maximum pressure and temperature, the symes performance
characteristics in-cylinder of CNG engine is loleain the base gasoline engine. The
most suitable injection strategy to get higher pues and temperature in-cylinder of
CNG engine with pre-chamber is using injection pues (profile array) at 25 bars,
injection timing (start of injection) at 40 degresfscrank angle (CA) before TDC and
injection duration (crank angle array) at 25 degrefecrank angle (CA). The mixing
air and CNG fuel are not achieve perfectly becadgsbe problems within injector or
guantity mass flow rate for CNG fuel that must egioto mix with the air in the pre-

chamber.
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5.2 RECOMMENDATION

Based on current study, it is recommended for &tumndertaking related to
this subject to consider the following suggestions:

a) The simulation need to be validated with the expental data obtained from
the actual pre-chamber engine.

b) For the geometry of engine, do the measuremengustanner machine of
three dimensional objects to get the accurate dsinanof engine. Do more
cases by using different speed, for example fro80Im to 4000 rpm to see

more performances characteristics in-cylinder oéi8jine and emissions.
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A Gantt Chart PSM 1

PROJECT ACTIVITIES

Briefing of project by supervisor

Discussion with supervisor

Find the literature review

Focus the objective of project

Engine detach, measurement and dimensional

Draft of chapter 1 and 2

Study and Testing simulation on GT-Power software

Draft of Chapter 3

Find out the method of analysis

Discussion and make correction with supervisor

Finalize draft report

Prepare for presentation
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PROJECT ACTIVITIES
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W3

w4

W5

W6

w7

w8

W9

W10

W11l

W12

W13

W14

W15

Briefing of project by supervisor

Discussion with supervisor

Find the literature review

Focus and check the objective of project with resul

Run simulation testing model engine on GT-Power
software

Analyze the results within the scopes and objective

Draft of Chapter 3

Draft of Chapter 4 & 5

Find out the method of analysis

Discussion and make correction with supervisor

Finalize draft report

Prepare for presentation
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