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ABSTRACT

This report deals with the emission of a singlencher diesel engine and also the
fuel consumption. The objectives of this reporttarstudy the emission characteristics and
the fuel consumption of a single cylinder diesebiea that are using tire scrap fuel
compared to diesel fuel. This report describesettgerimental setups and procedures for
analyzing the emission characteristics and alsdfubkeconsumption due to usage of the
both fuels with the diesel engine running with nad exerted on it. The engine speed is
variable. Detail studies about the experimentalseind components have been done
before the experiment started. Data that are reddwor the analysis is obtained from the
experiments. The fuel consumption is analyzed u#iiegfuel flow meter and results for
both fuel usages are compared in graph. The exlgagssémission such as NO, NOx, CO,
CO,, and Q is analyzed using the exhaust gas analyzer ancegiudts for both fuel usages
are plotted in graph and compared. Calculationsaaradysis have been done after all the
required data needed for the report is obtained. résults from the experiment show that
the diesel fuel is better than tire scrap fuelamt of fuel consumption, CO emissions and
CO,emissions and vice versa for the other parameters.
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ABSTRAK

Laporan ini membentangkan hasil eksperimen berk@émnbebasan asap dari enjin
diesel silinder tunggal dan juga penggunaan balh#arbTujuan laporan ini adalah untuk
mempelajari ciri-ciri pembebasan asap dan pengguredan bakar enjin diesel satu
silinder yang menggunakan bahan bakar ban bekandiigkan dengan minyak diesel.
Laporan ini menjelaskan setup dan prosedur ekspariomtuk menganalisis ciri-ciri
pembebasan asap dan juga penggunaan bahan bakapenlggunaan kedua-dua bahan
bakar dengan mesin diesel bekerja dengan tanpa loigkenakan padanya. Kelajuan enjin
adalah diubah-ubah. Kajian tentang setup dan dasegur eksperimen telah dilakukan
sebelum eksperimen dilakukan. Data yang diperlukatok analisis diperolehi daripada
eksperimen. Kadar penggunaan bahan bakar dianaisigygunakan meter aliran bahan
bakar dan keputusan untuk kedua-dua penggunaam ttkar berbanding dalam graf.
Pembebasan gas buang gas seperti NO, NOx, CQ, @& Q dianalisis dengan
menggunakan alat penganalisis gas dan keputusak ketlua-dua penggunaan bahan
bakar diplot dalam graf dan dibandingkan. Pengimdam analisis telah dilakukan selepas
semua data yang diperlukan yang diperlukan untpérén tersebut diperolehi. Hasil dari
kajian ini menunjukkan bahawa bahan bakar diedeh lbaik daripada bahan bakar ban
bekas dalam penggunaan bahan bakar, pembebas@®gad@sn pembebasan gas Lfan
sebaliknya untuk parameter yang lain.
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION

This chapter discussed about the overall projeckdraund such as problem
statement, objectives and scopes of the projetthalinformation is important to start
this project. This project is focused on study dlehaust emission of single cylinder

diesel engine that using tire disposal fuel.

1.2 PROJECT BACKGROUND

Tire disposal fuel is a type of fuel that is formedm used type by pyrolysis
process. The pyrolysis process is the thermal degjcn of waste in the absence of
oxygen at elevated temperatures and pressures. pfbeess is carried out at
temperatures typically upwards of 430 °C. In pitiit is not possible to achieve a
completely oxygen-free environment and so a smabbunt of oxidation occurs. The
products of pyrolysis (from organic waste) are gasenall quantities of liquid, and a
solid residue containing carbon and ash. The gasekiced in the process can then be

used to provide the heating energy for continuleggrocess.

The tire pyrolysis process essentially returnshiigh heating value of the rubber
and oils that were initially used in the manufaetof the tires. By carefully controlling
the temperature, pressure and oxygen level mor@lysys oil and charcoal is

encouraged. This pyrolysis oil can then be uselraplacement diesel fuel.

The main apparatus that are used for this projech idiesel engine type
YANMAR TF120 model that is single cylinder with 6388of displacement. The



other specifications of this engine are it has HPBf output and 10.5 BHP of
continuous output. Its cooling system use watellezboooling systems with radiator.

This engine also uses direct fuel injection withigh pressure Bosch pump.

The basic characteristics of diesel engine ars @ four stroke, compression-
ignition engine which the fuel and air are mixedide the engine. The air required for
combustion is highly compressed inside the combunsthamber. This generates high
temperatures which are sufficient for the diesel to spontaneously ignite when it is
injected to the cylinder. The diesel engine thussuseat to release the chemical energy

contained within the diesel fuel and convert ibintechanical forces.

This project is focused on emission characterisficiesel engine when tire
disposal fuel is used compared to ordinary diesel. ffuel consumption for both fuel

usages are also calculated and compared.

1.4 PROBLEM STATEMENT

Nowadays, with the increase of usage of motorizeldicle, the production of
scrap tires also increased. Chuan (2006) statédviakaysia generates about 150,000
tons of scrap tires every year. The numbers areat&g to be increase due to increasing
number of vehicles. If the scrap tires are not rgadawell, the scrap tires can give bad

effect to environment and people’s health.

One of the solutions that are available for thishbem is recycling the scrap
tires into useable product such as fuel. The pricluof this tire disposal fuel is done
by pyrolysis process. The problem of this fuel estgengine is the effect of usage of
this fuel is unknown. The emission characterisfiam engine that are using this fuel is
about to be analyzed in this report and also teedansumption.



15 PROJECT SCOPES

The scopes of this project are to analyze the gaisseon characteristic of a
diesel engine such as NO, NACO, CQ and Q which is using tire disposal fuel
compared to ordinary diesel fuel. The fuel consuompof the engine that is running at
several speeds with no load exerted to it are asdyzed and compared for both fuel

usages.

1.6 PROJECT OBJECTIVES

The objectives of this project are to analyze thel fconsumption and the
emission characteristic of a single cylinder diesedine that are using tire disposal fuel
compared to usage of ordinary diesel that are @viailin the market. Tire disposal fuel
formed from pyrolyis process that it can be usedraalternative to ordinary diesel fuel
usage but the effect of usage of this fuel is umkmoThis project is conducted to
analyze the emission like NO, NOCGO, and other emission gas and it is compared to
the emission of the engine when diesel fuel is uskd fuel consumption of the engine
due to usage of both fuel are also compared anlgzeata The engine will run without

load exerted to it.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter described about the information whethted to the project such as
Internal Combustion Engine, Tire Disposal Fuel,rabteristics of Diesel fuel and also

the emission.
2.2 TYRE DISPOSAL OIL

This oil is produced from scrap tires through pysid process. The simple
diagram in producing this oil is shown below:

Scrap tires » Cutting machine » Conveyor belt
v
Filter | Waste | Pyrolysis ovens / Bunker
(treatment) | gases | (400°C) by chemicalg
Carbon
Fuel gases (solvent vapours Y black (raw)
J ( P Steel
l Cooling process A2
Fuel oil Carbon
e black

Figure 2.1 Pyrolysis process flow diagram

Source: Murugan et al. (2008)



Figure 2.2: Tire disposal fuel

Appearance and properties:

- Black in color.

- Strong “burned rubber” smell.

- Lead (ppm): 0.3

- Volatile matter, at 105°C at 2 hours: 20.4
- Flash point: 42°C

- Density: 747.5 kg/rh

- Kinematic viscosity: 0. 000108109 s

From Murugan et al. (2008), explained about inaeas energy demand,
stringent emission norms and depletion of oil resesl that led the researchers to find
alternative fuels for internal combustion engingsny alternate fuels like Alcohols,
Biodiesel, LPG, CNG etc have been already commlegedhin the transport sector. In
this context, pyrolysis of solid waste is currentlgceiving renewed interest. The
disposal of waste tyres can be simplified to soxterg by pyrolysis. The properties of
the Tyre pyrolysis oil (TPO) derived from waste auabbile tyres were analysed and
compared with the petroleum products. The crude TR® a higher viscosity and
sulphur content compared to diesel fuel. Early stigations reveal that TPO blended



with diesel could be used as an alternate fueldfesel engines. The maximum TPO
concentration in the TPO-diesel blend was 70 % #red engine failed to operate
satisfactorily beyond this concentration. An expemt have been conducted to study
on the performance, emission and combustion charsits of a single cylinder four
stroke air cooled DI diesel engine running with Distilled Tyre pyrolysis oil-diesel
blends at higher concentrations From the expertintiesmt have been conducted, it
shown that engine is able to run upto 90% DTPO ¥ DF (DTPO90) and failed to
run satisfactorily with 100 % DTPO. Brake thermflilceency increases with increase in
percentage of DTPO blends but lesser than DF. AW drop in the thermal
efficiency is noticed. Ng()is lower by about 21 % for DTPO80 and 18 % lower in

DTPO90 operation than that of DF operation. HC @are higher than DF. This may
be due to the presence of unsaturated hydrocarbtimei DTPO. Smoke is higher for
DTPO-DF blends compared to DF.

From Arabiourrutia et al. (1995), explained abdbe problem of world
production waste tires that amounts to 5 X tbdegyear. While in Europe, 2 x 10
tones are produced and521C tones in North America and lastly5&1@ tones in
Japan, as has been reported by Galvagno et al2)208e complex nature of tires
makes them difficult to recycle. Different alterivas for tire recycling such as
retreading, reclaiming, incineration, grinding, .et@ave been used. However, all have
significant drawbacks and/or limitations. Pyrolysgan be considered a non-
conventional method for tire recycling which is mntly receiving renewed attention.
In the pyrolysis process (heating without oxygeh® organic volatile matter of tires
(mainly the rubber polymer/s) is decomposed to lowmlecular weight products,
liquids or gases, which can be useful as fuelssa source of chemicals. The inorganic
components (mainly steel) and the non-volatile earblack remain as a solid residue,
as has been demonstrated by Laresgoiti et al. J20686. In his paper, a study is carried
out on the performance of a conical spouted bedtoedCSBR) for the pyrolysis of
scrap Previous studies have proven that this reastaespecially suitable for the
treatment of materials that are irregular or otlgti nature. Thus, benzyl alcohol
polymerization (Olazar et al., 1994), pyrolysisbadmass (Aguado et al., 2000; Olazar
et al., 2000) and pyrolysis of waste plastics (Atjuat al., 2002, 2003) have carried out

successfully. Versatility in the gas residence tifinem 20 ms to a few seconds) and



turbulent gas—solid contact are the main featufethis reactor. The conical spouted
bed reactor (CSBR) is an interesting technologytlier pyrolysis of scrap tires, due to
its excellent hydrodynamic qualities and to thecedht heat transfer between phases of
the spouted bed, apart from other characteristitseoconical geometry of the reactor,
such as its versatility in gas and solid flow ratesler stable and isothermal conditions
in the bed. Moreover, pyrolysis in a CSBR does hmte problems related to particle
fusion of agglomerate formation, and it only regaira small amount of sand to help

solid flow.

FromZabaniotou et al. (2003) described timathe present study the rubber
portion of used car tires was transformed by athesp pyrolysis into oil, gas and
char. The experiments have been performed in aveapample reactor at atmospheric
pressure, under helium atmosphere. The effectnapéeature on the products yield was
investigated. In a second step, alternative usgsydlysis char such as combustion,
gasification and active carbons preparation wer@menxed, in order to produce fuels
and high added value materials. First, pyrolysiarehas burned and its reactivity was
measured in function with pyrolysis temperaturecd®el, char was gasified with Steam
and CQ to produce fuel gases, in a tubular stainlesd steetor. It was also activated
to produce high added value materials. It was shdven tire chars present higher
reactivity with steam than with GGand also active carbons produced from tire chars

possess surface areas, comparable with those ahemially available active carbons.
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Property Diesel Crude TPO DTPO DTPO80 DTPO90
Density at 15°C kg 830 935 871 860 865
m3
Kinematic viscosity 2 3.2 1.7 1.76 1.73
@ 40 °C
Gross Calorific Value 46.5 42.83 45,78 459 45.8
MJ / kg
0
Flash Point,C 50 43 36 39 37
0
Fire Point, C 56 50 48 49 48
Sulphur Content, % 0.045 0.95 0.26 0.21 0.23
Ash Content, % 0.01 0.31 - - -
Carbon Residue, % 0.35 2.14 0.02 - -
Aromatic content, % 26 64 - - -

Table 2.1 Comparison of DTPO and its blends with Diesel

Source: Murugan (2008)
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Source: Arabiourrutia (1995)

2.3 CHARACTERISTIC OF DIESEL ENGINE

2.3.1 History of Diesel Engine

Bosch (2005) stated that the diesel cycle was i@eeby Rudolf Diesel and it
has the highest thermal efficiency of any intera¢xternal combustion engine, mostly
due to its very high compression ratio. Low-speeseal engines (as used in ships and
other applications where overall engine weightelatively unimportant) often have a

thermal efficiency which exceeds 50%.

Diesel engines are manufactured in two stroke aud $troke versions. They
were originally used as a more efficient replaceni@nstationary steam engines. Since
the 1910s they have been used in submarines apd. dbse in locomotives, large

trucks and electric generating plants followedrlate
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In the 1930s, they slowly began to be used in a &womobiles. Since the
1970s, the use of diesel engines in larger on-@atl off-road vehicles in the USA

increased. As of 2007, about 50 percent of all oansales in Europe are diesel.
2.3.2 Basic Principles of the Diesel Engine

Holt D. J (2004) stated that the diesel engina i®ur-stroke, compression-
ignition engine in which the fuel and air are mixaedide the engine. The air required
for combustion is highly compressed inside the aasstibn chamber. This generates
high temperatures which are sufficient for the eid¢gel to spontaneously ignite when it
Is injected to the cylinder. The diesel engine thigss heat to release the chemical

energy contained within the diesel fuel and coniento mechanical force.

4 Stroke cycle

4-stroke Compression-ignition (Diesel) Engine Cycle

|rtake air hested

] by COMpressian

Intake Compression Combustion Exhaust
("Power")

Figure 2.4: Four stroke cycle diagram

SourceHolt D. J (2004)
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Stroke 1 of 4 "Intake™: On theintake or induction stroke of the piston, the piston
descends from the top of the cylinder to the bottointhe cylinder, reducing the
pressure inside the cylinder. Air is forced by asptweric (or greater) pressure into the

cylinder through the intake port. The intake vatyefien close.

Stroke 2 of 4 "Compression": With both intake and exhaust valves closed, ts&opi
returns to the top of the cylinder compressingftle-air mixture. This is known as the

compression stroke.

Stroke 3 of 4 "Power": While the piston is at or close to Top Dead Ceritex fuel is
injected into the combustion chamber and ignited tbg heat and pressure of
compression (for a diesel cycle or compressiontimgmiengine). The resulting massive
pressure from the combustion of the compressedaiuehixture drives the piston back
down toward bottom dead center with tremendousefofis is known as thpower

stroke, which is the main source of the enginetu® and power.

Stroke 4 of 4 "Blow": During theexhaust stroke, the piston once again returns to top
dead center while the exhaust valve is open. Thi®ra evacuates the products of
combustion from the cylinder by pushing the spemet-air mixture through the exhaust
valve(s).

2.3.3 Design and Engineering Principles of Didséngine

The design and engineering principle of the diesgine are explained in the
descriptions below (Bosch, 2005):

Fuel octane rating

Internal combustion engine power primarily origesfrom the expansion of
gases in the power stroke. Compressing the fuel @ndnto a very small space
increases the efficiency of the power stroke, Ingtaasing the cylinder compression
ratio also increases the heating of the fuel asrixéure is compressed

A highly flammable fuel with a low self-ignitioneiperature can combust
before the cylinder reaches top-dead-center (TDgOfentially forcing the piston
backwards against rotation. Alternately, a fuelshihself-ignites at TDC but before the
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cylinder has started downwards can damage thenpastd cylinder due to the extreme
thermal energy concentrated into a very small spaiteno relief. This damage is often
referred to as engine knocking and can lead to peemt engine damage if it occurs

frequently.

The octane rating is a measure of the fuel's teggie to self-ignition, by
increasing the temperature at which it will selfitg. A fuel with a greater octane rating
allows for a much higher compression ratio withthe risk of damage due to self-

ignition.

Diesel engines rely on self-ignition for the ergito function. They solve the
engine damage problem by separately injecting pigissure fuel into the cylinder
shortly before the piston has reached TDC. Air wuthfuel can be compressed to a
very high degree without concern for self-ignitiamd the highly pressurized fuel in the

fuel injection system cannot ignite without thegmece of air.

Power output limit

The maximum amount of power generated by an engimetermined by the
maximum amount of air ingested. The amount of poyegrerated by a piston engine is
related to its size (cylinder volume), whethersita two-stroke or four-stroke design,
volumetric efficiency, losses, air-to-fuel ratidet calorific value of the fuel, oxygen
content of the air and speed (RPM). The speedimately limited by material strength
and lubrication. Valves, pistons and connecting reuffer severe acceleration forces.

At high engine speed, physical breakage and rpisitmg flutter can occur,
resulting in power loss or even engine destructiRiaton ring flutter occurs when the
rings oscillate vertically within the piston grosvehey reside in. Ring flutter
compromises the seal between the ring and thedgdiwall which results in a loss of
cylinder pressure and power. If an engine spinsawickly, valve springs cannot act
quickly enough to close the valves. This is commagferred to as 'valve float', and it
can result in piston to valve contact, severely aginmg the engine. At high speeds the
lubrication of piston cylinder wall interface tenttsbreak down. This limits the piston

speed for industrial engines to about 10 m/sec.
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Intake/exhaust port flow

The output power of an engine is dependent onathity of intake (air—fuel
mixture) and exhaust matter to move quickly througlve ports, typically located in
the cylinder head. To increase an engine’s outputep, irregularities in the intake and
exhaust paths, such as casting flaws, can be ramawel, with the aid of an air flow
bench, the radii of valve port turns and valve smatfiguration can be modified to
reduce resistance. This process is called poréind,it can be done by hand or with a
CNC machine.

Supercharging

One way to increase engine power is to force marato the cylinder so that
more power can be produced from each power stidkis.was originally done using a
type of air compression device known as a Supegenawhich is powered by the
engine crankshatft.

Supercharging increases the power output limitfoof-stroke engine, but the
supercharger is always running. Continuous compmess the intake air requires some
mechanical energy to accomplish, so the superchdrge a cost of reduced fuel
efficiency when the engine is operating at low povevels or when the engine is

simply unloaded and idling.

Turbocharging

The Turbocharger was designed as a part-time meathoompressing more air
into the cylinder head. It consists of a two pidtgh-speed turbine assembly with one
side that compresses the intake air, and the sttierthat is powered by the exhaust gas

outflow.

When idling, and at low-to-moderate speeds, tlboktharger is not engaged
and the engine operates in a naturally-aspiratetheraWhen much more power output
is required, the engine speed is increased urdiketthaust gases are sufficient to 'spin
up' the turbocharger's turbine to start compressingh more air than normal into the
intake manifold.
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Turbo charging allows for more efficient engineeggion at low-to-moderate
speeds, but there is a design limitation knowrudsotlag. The increased engine power
is not immediately available; due to the need targly increase engine RPM to spin up

the turbo, before the turbo starts to do any ussafudompression.

Rod and piston-to-stroke ratio

The rod-to-stroke ratio is the ratio of the lengththe connecting rod to the
length of the piston stroke. A longer rod will reguthe sidewise pressure of the piston
on the cylinder wall and the stress forces, henceeasing engine life. It also increases
cost and engine height and weight.

A "square engine" is an engine with a bore diametgial to its stroke length.
An engine where the bore diameter is larger tharsttoke length is an oversquare
engine; conversely, an engine with a bore diantétgris smaller than its stroke length

is an undersquare engine.

Valve train

The valves are typically operated by a camshaéitirgy at half the speed of the
crankshatft. It has a series of cams along its keregich designed to open a valve during
the appropriate part of an intake or exhaust strékiappet between valve and cam is a

contact surface on which the cam slides to opendhes.

Many engines use one or more camshafts “abovedva (or each row) of
cylinders, as in the illustration, in which eachncdirectly actuates a valve through a
flat tappet. In other engine designs the camskdft the crankcase, in which case each
cam contacts a push rod, which contacts a rocker \which opens a valve. The
overhead cam design typically allows higher engimeeds because it provides the most

direct path between cam and valve.

Valve clearance

Valve clearance refers to the small gap betweeal\a lifter and a valve stem
that ensures that the valve completely closes. @gines with mechanical valve
adjustment excessive clearance will cause noism fitee valve train. Typically the

clearance has to be readjusted each 20,000 mitbsavieeler gauge.
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Most modern production engines use hydraulic rifteéo automatically

compensate for valve train component wear. Dirtyires oil may cause lifter failure.

Energy balance

Otto engines are about 35% efficient — in otherdsp 35% of the energy
generated by combustion is converted into usetatiamal energy at the output shaft of
the engine, while the remainder appears as waste Bg contrast, a six-stroke engine

may convert more than 50% of the energy of combnstito useful rotational energy.

Modern engines are often intentionally built todbghtly less efficient than they could
otherwise be. This is necessary for emission ctsgoch as exhaust gas recirculation
and catalytiacconverters that reduce smog and other atmosphellittgnts. Reductions
in efficiency may be counteracted with an enginenti@ unit using lean burn
techniques.

Major advantages

Diesel engines have several advantages over ottegnal combustion engines:

* They burn less fuel than a petrol engine perfornitreysame work, due to the
engine's higher temperature of combustion and grexpansion ratio. Gasoline
engines are typically 25% efficient while diesepmes can convert over 30% of
the fuel energy into mechanical energy.

* They have no high-tension electrical ignition sgste® attend to, resulting in
high reliability and easy adaptation to damp envinents. The absence of coails,
spark plug wires, etc., also eliminates a sourceadfo frequency emissions
which can interfere with navigation and communmatequipment, which is
especially important in marine and aircraft apglmas.

* They can deliver much more of their rated poweraotontinuous basis than a
petrol engine.

e The life of a diesel engine is generally about éwvés long as that of a petrol
engine due to the increased strength of parts wded,because diesel fuel has

better lubrication properties than petrol.
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Diesel fuel is considered safer than petrol in mappglications. Although diesel
fuel will burn in open air using a wick, it will n@xplode and does not release a
large amount of flammable vapor. The low vapor gues of diesel is especially
advantageous in marine applications, where thenaglation of explosive fuel-
air mixtures is a particular hazard.

For any given partial load the fuel efficiency (mdmirned per energy produced)
of a diesel engine remains nearly constant, as sggpdo petrol and turbine
engines which use proportionally more fuel withtjahpower outputs.

They generate less waste heat in cooling and ekhaus

With a diesel, boost pressure is limited only bg tstrength of the engine
components, not predetonation of the fuel charga pstrol engines.

The carbon monoxide content of the exhaust is nahitherefore diesel engines
are used in underground mines.

Biodiesel is an easily synthesized, non-petrole@seld fuel (through the
Fischer—Tropsch process) which can run directlydiasel engines, while
gasoline engines either need adaptation to rurhetintfuels or else use them as
an additive to gasoline (e.g., ethanol added t@lyal} making diesel engines

the clearly preferred choice for sustainability.
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2.4 DIESEL FUEL CHARACTERISTICS

High-quality diesel fuels are characterized by fb#owing features (Challen and

Baranescu, 1999):

High cetane number

Relatively low final boiling point

Narrow density and viscosity spread.

e Low aromatic compounds (particularly polyaromatenpounds) content

Low sulfur content.

In addition, the following characteristic are peutarly important for the service life

and constant function of fuel-injection systems.
* Good lubricity
* Absence of free water
* Limited pollution with particulate.
The most important criteria are explained in detail

Cetane Number/ Cetane Index

Cetane number (CN) expressed the ignition quefitye diesel fuel. The higher
the cetane number, the greater the fuel's tendeacignite. As the diesel engine
dispenses with an externally supplied ignition kp#re fuel must ignite spontaneously
(auto-ignition) and with minimum delay (ignitiondp when injected into the hot,

compressed air in the combustion chamber.
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Boiling Range

The boiling range of a fuel is the temperaturegeaat which the fuel vaporizes,

depends on its composition.

A low initial boiling point makes a fuel suitabier use in cold weather, but also
means a lower cetane number and poor lubricaneptiep. This raises the wear risk for

central injection units.

On the other hand, if the final boiling point ituated at high temperatures, this
can result in increased soot production and nozakeng (deposit caused by chemical
decomposition of not easily volatized fuel congittion the nozzle cone, and deposits

of combustion residues. For this reason, the fao#ing point should not be too high.

Filtration Limit (Cold-flow Properties)

Precipitation of paraffin crystals at low temperat can result in fuel-filter
blockage, ultimately leading to interruption of fuow. In worst-case scenarios,
paraffin particles can start to form at temperatw£0°C or even higher. The cold-flow
properties of a fuel are assessed by means offittration limit” (Cold Filter Plugging
Point (CFPP)).

European Standard EN 590 (Bosch, 2005) define€HteP for various classes,
and can be defined by individual member states ritipg on the prevailing

geographical and climatic conditions.

Flash Point

The flash point is the temperature at which thangties of vapor which a
combustible fluid emits to the atmosphere are cugffit to allow a spark to ignite the

air/vapor mixture above the fluid.

Density

The energy content of diesel fuel per unit of waduincreases with density.
Assuming constant fuel-injection-pump settings. @@nstant injected fuel quantity) the
use of fuels with widely different densities causesiations in mixture ratios due to

fluctuation in calorific value.
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When an engine runs on fuel that has a high tygeewdent density, engine
performance and soot emissions increases; as &nditg decreases, these parameter
drop. As a result, the requirements call for a elidsel that has a low type-dependent

density spread.

Viscosity

Viscosity is a measure of a fuel's resistancelosv fdue to internal friction.
Leakage losses in the fuel-injection pump resuttiégsel-fuel viscosity is too low, and

this in turn results in performance loss.

Much higher viscosity causes a higher peak irgectpressure at high
temperatures in non-pressure-regulated systemgshisoreason, mineral oil diesel may
not be applied at the maximum permitted primarysgpuee. High viscosity also changes

the spray pattern due to the formation of largeptéts.

Lubricity

In order to reduce the sulfur content of diesel,fit is hydrogenated. In addition
to removing sulfur, the hydrogenation process atsnoves the ionic fuel components
that aid lubrication. After the introduction of défsirized diesel fuels, wear-related
problems started to occur on distributor fuel-ii@e pumps due to the lack of
lubricity. As a result, they were replaced by didaels containing lubricity enhancers.
Lubricity is measured in a High-Frequency ReciptiocpRig (HFRR method). A fixed,
clamped steel ball is ground on a plate by fudligh frequency. The magnitude of the
resulting flattening, i.e. the Wear Scar Diamei#&SD) measured in pum, specifies the
amount of wear, and thus a measure of fuel lugrifiesel fuels complying with EN
590 must have a WSD &f460 pum.

Sulfur Content

Diesel fuels contain chemically bonded sulfur, #mel actual quantities depend
on the quality of the crude petroleum and the camepts added at the refinery. In
particular, crack components mostly have high sud@ntents.

To desulfurize fuel, sulfur is removed from the ddie distillate by

hydrogenation at high pressure and temperatureeipitesence of a catalyst. The initial
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by product of this process is hydrogen sulfideHwhich is subsequently converted
into pure sulfur.
Exhaust gas treatment systems for,@d particulate filters use catalysts. They

must run on sulfur-free fuel since sulfur poisdms &ctive catalyst surface.

Alternative Fuels

Water and alcohols are difficult to dissolve ieshl. Emulsifiers are required to
keep the mixture stable and prevent it from derfio&tion. Wear-and corrosion-
inhibiting measures are also necessary. The usenuflsifiers reduces soot and
nitrogen-oxide emissions since the combustion mextis cooler due to the water

content.

2.5 EXHAUST EMISSION CHARACTERISTICS

Pulkrabek W.W (2003) has stated that until the neidsf the 28 century, the
number of internal combustion engines in the wardd small enough that the pollution
they emitted was tolerable, and the environmenth whe help of sunlight, stayed
relatively clean. As the world population grew, mowplants, factories and an ever
increasing number of automobiles began to pollogedir to the extent that it was no
longer acceptable. During the 1940s, air pollutias first recognized as a problem in
the Los Angeles basin in California. Two causesthié were the large population
density and the natural weather conditions of ttea.aThe large population created
many factories and the power plants, as well asobrike largest automobile densities
in the world. Smoke and other pollutants from thangn factories and automobiles

combined with the fog that was common in this oca@a, and smog resulted.

During the 1950s, the smog problem increased alatigthe population density
and automobile density. It was recognized thatab®mobile was one of the major
contributors to the problem, and by the 1960s domsstandards were beginning to be
enforced in California. During the next decadesissian standards were adopted in the
rest of the United States and in Europe and JaBgnmaking engines more fuel

efficient, and with the use of exhaust aftertreattnemissions per vehicle of HC, CO
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and NQ were reduced by about 95% during the 1970s an@sl98ad, one of the
major air pollutants, was phased out as a fuelta@dduring the 1980s. More fuel-
efficient engines were developed, and by the 1988saverage automobile consumed
less than half the fuel used in 1970s. Howeverjnduthis time, the number of
automobiles greatly increased, resulting in no aletecrease in fuel usage. In 1999,
petroleum consumption in the Unites States amouritedl6500 L/sec, a large

percentage of which was fuel for internal combusgagine.

Carbon Monoxide (CO)

Carbon monoxide, a colorless, odorless, poisogassis generated in an engine
when it is operated with a fuel-rich equivalenidgatVhen there is not enough oxygen
to convert all carbon to GOsome fuel does not get burned and some ends Q®as
Typically, the exhaust of a spark ignition engindl Wwe about 0.2% to 5% carbon
monoxide. Not only is CO considered an undesiranigssion, but it also represents
lost chemical energy that was not fully utilizedtive engine. CO is a fuel that can be

combusted to supply additional thermal energy:

CO+%Q — CQ+ heat

Maximum CO is generated when an engims rich, such as when starting or
when accelerating. Even when the intake air-fuettune is stoichiometric or lean,
some CO will be generated in the engine. Poor mixilmcal rich regions, and

incomplete combustion will create some CO.

A well-designed S| engine operatingemideal conditions can have an exhaust
mole fraction of CO as low as $0CI engines that operate in a lean manner overall

generally have very low CO emissions. (Refer tarkg2.6)
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Amonnt of Emissions in Exhaust Flow
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Figure 2.5: Emissions from Sl engine as a function of equivederatio

Source: Pulkrabek W.W (2003)

Oxides of Nitrogen (NQ

Exhaust gases of an engine can hate 8p00ppm of oxides of nitrogen. Most
of this will be nitrogen oxide (NO), with a smathaunt of nitrogen dioxide (N£), and
traces of other nitrogen-oxygen combinations. Thageall grouped together as NO
which x representing some suitable numbers, G very undesirable emission, and
regulations that restrict the allowable amount tw& to become more stringent.
Released NQreacts in the atmosphere to form ozone and i0btige major causes of
photochemical smog.
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NQ is created mostly from nitrogen in the air. Niteogcan also be found in
fuel blends, which may contain trace amounts ors, \C, and HCN, but this would
contribute only to a minor degree. There are nunobgeossible reactions that form NO,
all of which are probably occurring during the camtion process and immediately
after. These include but are not limited to,

O+N, — NO+N
N+O — NO+O

N+OH—> NO+H

NO, in turn, can then further reactdom NGO, by various means, including the
following:

NO + HO — NQ+ H;

NO+GQ — NQ+O

Atmospheric nitrogen exists as a stalthtomic molecule at low temperatures,
and only very small trace amounts of oxides arendouHowever, at the very high
temperatures that occurs in the combustion chambean engine, some diatomic
nitrogen (N), which is reactive:

N, — 2N
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Concentration of NOx (Kg/m o

Figure 2.6: Generation of NQin an engine as a function of combustion time

Source: Pulkrabek W. W (2003)

Particulates

The exhaust of Cl engines containgdsmdirbon soot particles that are generated
in the fuel-rich zones within the cylinder duringet combustion. These are seen as
exhaust smoke and are an undesirable odorous ipalluMaximum density of
particulate emissions occurs when the engine igulwdhd at WOT. At this condition,
maximum fuel is injected to supply maximum poweasulting in a rich mixture and
poor fuel economy. This can be seen in the heatmuwst smoke emitted when a truck

or railroad locomotive accelerates up a hill frost@p.

Soot particles are clusters of sotidrbon spheres. These spheres have
diameters from 10nm to 80nm (1nm =%1®), with most within the range of 15-30 nm.
The spheres are solid carbon with NC and traceshafr components absorbed on the

surface. A single soot particle will contain up4t@00 carbon spheres.
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Carbon spheres are generated icdheustion chamber in the fuel rich-rich

zones where there is not enough oxygen to conlleraroon to CQ:
CHy+zQ — aC+bHO+cCO+dC(s)

Then, as turbulence and mass matoninue to mix the components in the
combustion chamber, most of these carbon partiahessufficient oxygen to further

react and consumed to €O
C(s)+Q — CO

Over 90% of carbon particles aradly generates within an engine are thus
consumed and never get exhausted. If Cl engineg Wweroperate with an overall
stoichiometric air-fuel mixture, instead of the caleélean mixture they do operate with,

particulate emissions in the exhaust would far edcecceptable levels.

Up to about 25% of the carbon in soot comes framritating-oil
components, which vaporize and then react durimgoestion. The rest comes from the
fuel and amounts to 0.2-0.5% of the fuel. Becadgbe high compression ratios of Cl
engines, a large expansion occurs during the peiveke, and the gases within the
cylinder are cooled by expansion cooling to a reddy low temperature. This causes
the remaining high-boiling components found in filnel and lubricating oil to condense
on the surface of the carbon soot particles. Thsoedbed portion of the soot particles is
called the soluble organic fraction (SOF), and #meount is highly dependent on
cylinder temperature.

At light loads, cylinder temperatures are reduaad can drop to as low as
200°C during final expansion and exhaust blowdoumder these conditions, SOF can
be as high as 50% of the total mass of soot. Uattar operating conditions when the
temperatures are not so low, very little condensiogurs and SOF can be as low as 3%
of total soot mass. SOF consists mostly of hydtomar components with some
hydrogen, S@ NO, NQ and trace amounts of sulfur, calcium, iron, siticand

chromium, while lubricating-oil additives contaime, phosphorus and calcium.

Particulate generation can be reduced by engirsggmleand control of
operating conditions, but quite often this will ate other adverse results. If the

combustion time is extended by combustion chamlesigd and timing control,
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particulate amounts in the exhaust can be redusedt particles originally generated
will have a greater time to be mixed with oxygem aombusted to CO However, a
longer combustion time means a high cylinder temipee and more NQOgenerated.
Dilution with EGR lowers N@ emissions, but increase particulate and HC enmissio
Higher injection pressure gives a finer dropleeswhich reduces HC and particulate
emission, but increases cylinder temperature and @éissions. Engine management
systems are programmed to minimize N®IC CO and particulate emissions by
controlling ignition timing, injection pressure,jéction timing and/or valve timing.
Obviously compromise is necessary. In most engiegbaust particulate amounts

cannot be reduced to acceptable levels solely ginerdesign and control.
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Carbon Dioxides (CQ

At moderate levels of concentration, carbon diexisl not considered an air
pollutant. However, it is considered a major gremrde gas and, at higher
concentrations, is a major contributor to globafmiag. CQ is a major component of
the exhaust in the combustion of any hydrocarbeh Because of the growing number
of motor vehicles, along with more factories andeotsources, the amount of carbon
dioxide in the atmosphere continues to grow. Atarggevations in the atmosphere, this
higher concentration of carbon dioxide, along wather greenhouse gases, creates a
thermal radiation shield. This shield reduces thuant of thermal radiation energy
allowed to escape from the earth, raising slighitly average earth temperature. The
most efficient way of reducing the amount of 86 to burn less fuel (i.e., use engines
with higher thermal efficiency)

Formation of Sulfur

Many fuels used in CI engines contain small am®witsulfur, which, when
exhausted contributes to the acid rain problem h&f tworld. Unleaded gasoline
generally contains 150-600 ppm sulfur by weightm8aliesel fuels contain up to 5000
ppm by weight, but in United States and some atbantries sulfur content is restricted
by law to a tenth of this value or less.

At high temperature, sulfur combines with hydrogenform HS and with

oxygen to form S@
H+S —> S
0,+S — S©

Engine exhaust can contain up to 20 ppm of 8®n combines with oxygen in
the air to form S@

2S0+0, —» 2S0

These molecules combine with water vapor in tmeoaphere to form sulfuric

acid (SOy) and sulfurous acid (#%0s), which are ingredients in acid rain:
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SG; + HHO—» HSO
SO +H, O —>» HSO;

Many countries have laws restricting the amounsuwdfur allowed in fuel, and
these laws are continuously being made more stind@uring the 1990s, the United
States reduced acceptable sulfur levels in diesdlffom 0.05% by weight to 0.01%.
The amount of sulfur in natural gas can range fremmall (sweet) to large (sour)
amounts. This can be a major emissions problem whisruel is used in an IC engine

or any other combustion system.

When the allowable sulfur level in diesel fuel wlasvered, a new problem
surfaced in CI engines. It was found that the fuigh very low levels of sulfur lost its
lubricating ability, resulting in sticking fuel pysa and injectors. In addition, there was
abnormal wear on cylinder surfaces and rapid presbuildup in some particulate
traps. To overcome these problems, additives ateirpa low-sulfur fuels. These

additives include aliphatic ester derivatives aarboxylic acids.

A more serious effect of sulfur, in addition tarmeharmful emission, is that it
poisons most emissions aftertreatment systems. lySatanaterials in catalytic
converters and regenerating particulate traps ideste in the presence of sulfur, lead
of phosphorus.



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter will describe further on the study whbihis project which is the
emission characteristics from the usage of tirasduel for diesel engine. In order to
complete the experiment, the methodology of thgeptds one of the most important
things that need to be considered. The objectiveethodology is to ensure that the

flow of the project is according to the schedule.

In this chapter, all the details and related dismrs on the process that
involved in the project will be described. Therdlvime a flow chart that shows the
process timeline. The chart will explain every $ngtep that is followed to ensure that
the objective of the project will be successfulch@ved. The steps will start from the
literature review until the complete report is suitbeal.
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3.2 FLOW CHART

Decide the title, determining the project scope,
determining the project background

v

Search for the literature and appropriat
information of the project

v

Preliminary of literature review

D

v

Final Year Project

Final Year Project 1 presentation 1

Setup the engine for the experiment, determining

Y

the appropriate procedure for the experiment.

v

Conduct the experiment.

Emission. Fuel consumption.

— =

Analysis of the obtained data.
No +

Satisfy the scope and objective of the experiment.

Yes

Report.

Final Year Project Z@r Project 2 pres@

Figure 3.1: Projectflow chart
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3.3 FLOW CHART DESCRIPTION

The flow chart shows overall steps that are takeoompletion the project. At
the beginning, the project starts with determinel amderstanding the title of the
project. The next step is determining the projecpgs and objectives. Then the project

background is determined.

The project is continued by searching the liteatand gathering all the
information needed for this project. The sourcénédrmation includes the information
from supervisors, books, journals and others. Tdta that are collected are analyzed to

gain more understanding about the project.

The next step is preliminary of literature revielMae general methodology of the
project also planned during this step. The lagt stethe Final Year Project 1 is Final

Year Project 1 Presentation.

Final Year Project 2 starts with the setup for ¢éxperiment. In this phase, the
engine rig is fabricated, and also the custom esthaanifold, the exhaust particle trap,
fuel tanks and others. The next step begins witbrdening the appropriate procedures
for the experiment. The methods to measure thedmesumption and emission due to

usage of diesel fuel and tire scrap fuel are detesth

The experiment is conducted based on the expetirpetedures that are
determined. There are two factors that are analyteat are fuel consumption and
emission. The available data then analyzed acagridirthe project objectives. If the
data satisfy the project scopes, the project pabdeereport writing and if not, the

experiment will be repeated.

The report writing starts when all the requiredadaave been analyzed. All the
information starts from the beginning is writterdagtivided into five chapters. The last
step in Final Year Project 2 is Final Year Projg&resentation and also the final report

submission.
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3.4 LITERATURE ANALYSIS

Literature analysis is a combination and elaboratibthe literature review that
have been collected from various sources like jalstnbooks, and also the analysis
results from the previous research. Before theeptojs started, it is important to
understand the project objectives which are anadyzihe fuel consumption and
emission due to usage of diesel fuel and tire sfirap In order to understand that, the
best and precise information must be gathered filoenright source. So, there are
several ways or methods of source to obtain alirtfe@mation required such as books,

journals, previous researches and information fRyoject Supervisor.

3.4.1 Books

Books provide the good information about the projéics because it is been
written by a good author which is commonly havepdkeowledge and experiences in
the related field. To look for this kind of sourdirary or book shop is suitable place.
All the required information such as analysis, apicand calculation method can be

found in the book.

3.4.2 Journals

Journals also a good source of information. Theeesaveral of journals which
are commonly published by Society of Automotive iBegrs (SAE) and other
publishers that can be referred. Journals may geothe data that can be a comparison

and guidelines when conducting the experiment.

3.4.3 Previous Researches

There are several researches that are relatediddtitiie. The data that are
available in the researches can be compared tgtbject. Many of the researches are
conducted by the institution outside from MalaysSiae research papers are published
in the internet and can be downloaded in (.pdntat:
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3.4.5 Project Supervisor

Not all the information that obtained from the bspkournals and previous
researches can be easily understood and prectbe froject. So, project supervisor’s
advice is very important to finalize the informatiobtained and make sure that all the
information are relevant to be written in the pobjeeport. So, discussion with
supervisor which is specifically expert in the tethfield will give more information
especially when the required information is hardltain. Furthermore, discussion with
supervisor can generate new idea for the projesgareh and also make the research

more clear and understandable.

3.5 ENGINE RIG DESIGN

Before the experiment is started, the engine thaised must be attached to a
rig. For that purpose, a rig is designed beforetistathe fabrication process. For that
design, SOLIDWORK software is used. The dimensiamstrbe larger than size of

YANMAR single piston engine because it will be @sea base for that engine.

Figure 3.2: Engine rig design
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3.6 TOOLS

This project based on experimenting method. Fot phapose, many of the
experiment apparatus must be self-fabricated. Therenany tools that have been used
in order complete the fabrication process suchisis cutter, Metal Inert Gas (MIG)
welding, hand drill and hand grinder. Disk cutteused to cut all the materials such as
hollow mild steel into desired size while MIG weildiis used to assemble all the part
that will be used in the experiment, hand drilis®d to make a hole and hand grinder is

used to remove the burr after cutting process.

Figure 3.3Disk cutter Figure 3.4 MIG welding

Figure 3.5: Hand grinder Figure 3.6 Hand drill
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3.7 FABRICATION

Fabrication is the important process that needsetdinished before preceding
the experiment. There are several parts that nede fabricated in order to start the

experiment such as engine rig, display panel tabtk, and exhaust manifold.
3.7.1 Engine rig
After the engine rig design is finished, the fahtion process can be started. The

material used to fabricate the engine rig is holloild steel which the size is 5 cm x 5

cm.

Engine Rig

Figure 3.7. Engine Rig
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3.7.2 Exhaust manifold

Exhaust manifold have been modified to make suteeemocouple hole and a
valve can be installed, so that the exhaust gasmede analyzed from the hole and

valve.

Valve

Thermocouple Hole

Figure 3.8: Exhaust manifold
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3.8 APPARATUS
3.8.1 The Diesel Engine

The engine that is used for this experiment is YAMR TF 120. This is water
cooled, single cylinder diesel engine.

YANMAR TP *

Figure 3.9Engine side view Figure 3.1Q Engine side view

3.8.2 Exhaust gas patrticle trap

Diesel engine produces soot as a product of cotioioudf this soot enters the
exhaust analyzer, it will cause the exhaust analyaebe damage. The exhaust gas
particle trapfunctioned to avoid the soot from reaching the eshanalyzer. It worked
by cooling the exhaust gas through the “water jeckng the tube that the exhaust
gas going through, causing the particle in the eghgas loosing energy and become
heavier, and the particle will drop to the bottoimtlte beaker that act as a trap. The
picture of the exhaust gas patrticle trap is shoext:n
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Figure 3.11 Water reservoir tank Figure 3.12 Exhaust gas particle trap

3.8.3 Fuel Flow Rate Analyzer

The fuel flow meter that is used in this experimierfrom AIC — 1204 HR 2000
model, with board computer from BC 3033 model. Pieture for both apparatus is

shown below:

Fuel flow meter

Board
computer

Figure 3.13 Fuel Flow Rate Meter and Board Computer.
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3.8.4 Engine speed sensor

The engine speed sensor is used to measure tlemcengine speed. The
model used for engine speed sensor is from 461B6ibelectric sensor models and the
display unit is from 461950 panel tachometer mohkbtoelectric sensor is attached to
the engine rig to enable the speed of the engibhe tmeasured. A marking have been
made to the engine’s flywheel to enable the engp®eed sensor to detect the engine

speed. The picture of the RPM sensor and the paclebmeter unit are shown below:

Figure 3.14:Photoelectric sensor Figure 3.15 Panel tachometer

3.85 Exhaust gas analyzer

The exhaust gas is analyzed using exhaust analijaermodel that is used is
Hand Held 4 & 5 Gas Analyzer Auto 4-2 & Auto 5-2 deb. The picture of the exhaust

gas analyzer is shown next:
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Figure 3.16:Exhaust gas analyzer

3.8.6 Exhaust gas temperature sensor

The exhaust gas temperature is measured using dbeuple and the
temperature is shown by the display unit. Thermpt®us placed at the exhaust
manifold as shown below:

Figure 3.17 Thermocouple Figure 3.18 Temperature display unit
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3.9 EXPERIMENTAL PROCEDURE

3.9.1 Fuel consumption analysis

At the beginning, the engine speed is set to bé ¥&0olution per minute
(rpm). The time taken for the engine to consumenllO@f fuel is taken and the fuel
consumption can be determined manually by dividimg 100mL of fuel by the time
taken to consume 100mL of fuel. Using flow rate enethe amount of fuel consumed
for 5 minutes can be determined directly from tbard computer unit that displays the
amount. The fuel consumption also can be determinyedividing the amount of fuel
consumed by 5 minutes of time taken. The valueithabtained through both methods

can be compared. The unit for the fuel consumpsadieer/hour (L/hr)

The engine speeds then are variable to 1500rp@@rfifh, 1900rpm and 2100
rpm and the same procedures are repeated. Theiragpéthen is continued with tire
disposal fuel. All the data obtained are filled ihe table. The graph of fuel

consumptions for both fuel usages are plotted angpared.

3.9.2 Emission analysis

At the beginning, the engine speed let to be 1@M00MThe exhaust gas that is
come out from the exhaust valve is collected upipg and the smoke is let through the
exhaust particle trap. The water jacket arouncettie@ust pipe will cause the particle to
fall at the bottom of the trap. The “clean” exhagsts then will enter the exhaust
analyzer and the content of the exhaust gas widlriadyzed. The amount of the content
can be measured directly from the exhaust anatlizptay unit.

The engine speeds then are variable to 1500rpr@Qrpih, 1900rpm and
2100rpm and the same procedures are repeated xpbament then is continued with
tire disposal fuel. All the data obtained are @lli@ the table. The graph of exhaust gas

emissions for both usages of fuel are plotted amdpared.



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 INTRODUCTION

In this chapter, the results from the experimentl wie analyzed. The
comparison between the usage of tire scrap fueldieskl fuel is made in term of

emission and fuel consumption. All the data obtdiaee represented in form of graph.

4.2 FUEL CONSUMPTION
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Figure 4.1: Fuel consumption comparison



43

Figure 4.1 shows the comparison of fuel consumpbenveen tested fuels. It is
clearly shown that the fuel consumption due to diisposal fuel usages is higher than
diesel fuel. The average fuel consumption for digposal fuel usage is higher than
diesel fuel by 19.13%. The fuel consumption whea tine disposal fuel is used is
higher probably because the time taken for altitlieedisposal fuel that injected into the
combustion chamber is longer to completely burnethgared to same amount diesel
fuel. At the end of power stroke of the enginereéhare probably still remaining some
tire disposal fuels that are still not burned. Whie@ exhaust gas is pushed out during
scavenging process, the unburned tire disposaldisel pushed out and wasted. This
may cause the fuel consumption due to usage oflisfsal fuel is higher. This can be
seen when some liquid that is probably tire dispfusd but more dense that are leaking

out at the exhaust manifold.
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4.3 EMISSION

4.3.1 NQEmission
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Figure 4.2 Graph of composition of NQversus Engine Speed

Figure 4.2 shows the comparison of Ngnission for the tested fuels. The value
of NOy due to usage of tire disposal fuel is lower thasel fuel. At the minimum
engine speed which is 1100 rpm, the value of; N@® diesel fuel is 134 parts per
million (ppm) while the tire disposal fuel is 69ppt the maximum speed which is
2100rpm, the value of NJor diesel fuel is 78ppm and for tire disposall fisel6ppm.
The average of NOemission from the usage of tire disposal fuebisdr than diesel
fuel by 62.08%. The trend of the graph shows tHagmthe engine speed increased, the
emission of NQ for both fuel usages is decreasing. This may ahbgehe condition of
the engine that is running without load exertedt.t@he air-fuel ratio of the engine is

lean and caused the composition of theg N€zreasing as the engine speed is increased.
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4.3.2 NO Emission
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Figure 4.3 Graph of NO emission versus Engine Speed

Figure 4.3 shows the comparison of NO emissioritfertested fuels. The value
of NO due to usage of tire disposal fuel is lowleart diesel fuel. At the minimum
engine speed which is 1100rpm, the value of NOdfesel fuel usage is 128ppm and
for tire disposal fuel usage is 66ppm. At the eagimaximum speed which is 2100rpm,
the value of No for diesel fuel usage is 75ppm fandire disposal fuel usage is 16ppm.
The average of NO emission due to usage of tingoda fuel is lower than diesel fuel
by 61.51%. The graph shows decreasing value of &idth fuels with increasing of
engine speed. This may caused by the conditiorefekperiment where the engine

runs with no load exerted on it. The air-fuel ratfothe mixture is lean and causes the

NO that produced is lower.
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4.3.3 CO Emission
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Figure 4.4 Graph of CO emission versus engine speed

Figure 4.4 shows the comparison of CO emissiontertested fuels. The value
of CO due to usage of diesel fuel is lower thar disposal fuel. At the minimum
engine speed which is 1100rpm, the value of CQliesel fuel usage is 0.01% volume
and for tire disposal fuel usage is 0.20% volume.the maximum speed which is
2100rpm, the value of CO for diesel fuel usage.@8% volume and for tire disposal
fuel usage is 0.20% volume. The average of CO eomider tire disposal fuel is higher
than diesel fuel by 945.66%. The fuel air mixtuitks finside the cylinder is lean and
some of the mixtures nearer to the wall and crewiokime, the flame will not
propagate. Therefore, they do not find time to ugdeombustion which results higher
CO emission for tire disposal fuel than diesel fuElwever, the CO emissions for tire
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disposal fuel lie below 0.9 % volume which is a imaxm value of CO emission from

diesel engines.

4.3.4 CQEmission
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Figure 4.5 Graph of CQ emission versus engine speed

Figure 4.5 shows the comparison of €ission for tested fuels. The value of
CO, due to usage of diesel fuel is lower than tirgpdssl fuel. At the minimum engine
speed which is 1100rpm, the value of J6r diesel fuel usage is 1.9% percent volume
while for tire disposal fuel usage is 2.0% percaitme. At the maximum speed which
is 2100rpm, the value of GQor diesel fuel usage is 1.9% volume and for ditgposal
fuel usage is 2.5% volume. The average of €Rission for tire disposal fuel is higher
than diesel fuel by 6.28%. The g@mission for tire disposal fuel is higher thansdie

fuel probably because the presences of carbon blaaients in the tire scrap fuel. The
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combustion of carbon black in the tire disposall foey cause the exhaust gas

temperature for this fuel is higher than diesel.fue

4.3.5 Q Emission
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Figure 4.6 Graph of Q emission versus engine speed

Figure 4.6 shows the comparison ofénission for tested fuels. The value af O
due to usage of tire scrap fuel is lower than digsd. At the minimum engine speed
which is 1100 rpm, the value of,@ue to diesel fuel usage is 18.71% volume and for
tire disposal fuel usage is 18.39% volume. At theximum speed which is 2100rpm,
the value of @ due to usage of diesel fuel is 17.98% volume amdife disposal fuel
usage is 17.86% volume. The average pk@ission for diesel fuel is higher than tire
disposal fuel by 1.30%. The value of Become lower when the engine speed increased
probably because when the engine speed increased, @ combines with the fuel to

enable the combustion to occur.
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44 EXHAUST GAS TEMPERATURE
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Figure 4.7: Graph of Exhaust Gas Temperature versus EnginedSpe

Figure 4.7 shows the comparison between exhaustegageratures between
tested fuels. At the minimum speed which is 110Qrgva temperature of exhaust gas
for diesel fuel usage is 93°C and for tire dispdsal usage is 100°C. At the maximum
speed which is 2100rpm, the exhaust gas temperfatudeesel fuel usage is 150°C and
for tire disposal fuel usage is 173°C. The avemgexhaust gas temperature for diesel
fuel usage is lower than tire disposal fuel usag®.65%. The exhaust gas temperature
due to usage of tire disposal fuel is higher comgpdo diesel fuel because tire disposal
fuel has higher kinematic viscosity from diesellfudigher kinematic viscosity cause
more penetration of the fuel into the combustioansher and the more amount of heat

is developed during combustion.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

The main objective of this project is to analyze #mission characteristics of a
single cylinder diesel engine that are using toes fuel compared to diesel fuel. The
second objective is to analyze the fuel consumptibthe engine due to usage of tire
scrap fuel compared to diesel fuel. For the fitgeotive, the experiment is conducted
to analyze the emission of the engine using boge tgf fuel. The emission of the
engine is analyzed using the exhaust analyzer landesults are plotted on the graph.
The emission of both fuel usages is compared aatyzed. From the experiment, the
average of NQ@emission from the usage of tire scrap fuel is lothan diesel fuel by
61.78%. For NO emission, the average amount dussdge of tire scrap fuel is lower
than diesel fuel by 61.52% while the average of €@fission for tire disposal fuel is
higher than diesel fuel by 1173%. Furthermore, dlierage of C@emission for tire
disposal fuel is higher than diesel fuel by 4.658d &stly the average of,@mission

for diesel fuel is higher than tire scrap fuel b§%.

The second objective is achieved by measuringuBeconsumption for both
fuel usages. The fuel consumption can be measurectlgl using flow rate meter and
the results are plotted in the graph and analyZéd. fuel consumption for both fuel
usages is compared. From the experiment, the fuewmnption for tire disposal fuel

usage is higher than diesel fuel by 19.13%.

Based on the results obtained, the usage of 10@/digposal fuel blends for
diesel engine is not suitable. This is becausedhalts shows higher emission due to
usage of tire disposal fuel compared to diesel. fllbe fuel consumption tire disposal

fuel usage also higher compared to diesel fuel.

During the experiment, the view that can be seemhen the tire disposal fuel is

used; the engine is not running smoothly. The engipeed is also not stable.
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Furthermore, when the engine speed is increasedhitk, white smoke can be seen at
the exhaust manifold as it become thicker wheretigine speed is increased. But at the
1900 rpm and 2100 rpm the white smoke reduce. Thisseon emitted when tire
disposal fuel is used causes irritation to the eagsvell as breathing difficulty. This
also shows that the usage of 100% blends of tspodial fuel for diesel engine is not

suitable.

5.2 RECOMMENDATIONS FOR FUTURE RESEARCH

After all process done in completing the projelsgre is a recommendation that
can be done for the future research. The recomntienda the hydraulic dynamometer
can be installed in the apparatus setup. By imsgathe dynamometer, the performance
of the engine such as torque can be measured a&edngire information about the

engine performance when tire disposal fuel is used.
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Brand

Model
Displacement

Max Output
Continuous output
Fuel tank capacity
Cooling system
Starting system
Dimensions (L/W/H)

Weight

APPENDIX E

ENGINE SPECIFICATION

: YANMAR
: TF 120
1 636 cc
: 12 Bhp @ 2400rpm
: 10 Bhp @ 2400rpm
111 liter
: Water cooled, radiator
: Starter or manual cranking
: 685cm/350cm/530cm

1102 kg

57
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APPENDIX F

BOARD COMPUTER AND FUEL FLOW METER SPECIFICATION

For board computer:

Voltage supply :11to 30 VDC
Current consumption of system (U in = 24 V)

- Normal operation and standby : 40 MA

- With illumination : 60 mA

- With sensors connected : 100mA

- Supply for sensors - U out 7V

| max 40 mA

For fuel flow meter:

- Dimensions : 115 x 55 x55 mm (incl. non-ratualve)
-Weight : 0.600 kg
- Measuring range :1to 80 1/h

- Pulse rate : 2000 ppm
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APPENDIX G

TECHNICAL SPECIFICATION OF PANEL TACHOMETER AND
PHOTOELECTRIC SENSOR

Model 461950 Panel Tachometer:

Range : 510 99 990 RPM
Accuracy :0.1 (510 999.9); 1 (1000 to 9999);(10.000 to 99.990)
Display 0.5 %(13mm) 4 digit (9999 count) LEDsg@iay

Display update rate: Once per second
Power :110/220 VAC; 50/ 60 Hz1#5%
Panel cutout dimensions: 3.62 x 1.77” (92 x 45mm)

Bezel dimensions :3.78 x 1.89 x 2.36” (96 x 48mfhn)

Model 461957 Photoelectric sensor:

Range : Up to 6000 RPM (100 Hz)

Power :12- 24 VDC 40%; Consumption: 40 mA max
Response time :<1lms

Output : NPN transistor; Max load 80 mA

Photo beam color : Green
Photo beam wavelength  : 5500 Angstroms

Cable length : 1.8 meters



APPENDIX H

SPECIFICATION OF EXHAUST ANALYZER
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Parameter Resolution Accuracy Range
Carbon Monoxide 0.01% 1+5% of reading 0-10%
Oxygen 0.01% 5% of reading 0-21%
Hydrocarbon 1 ppm 1+5% of reading 0-5000ppm
Carbon Dioxide 0.1% 1+5% of reading 0-16%
Nitric Oxide 1 ppm +4% of reading 0-5000ppm




