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Abstract

The main reason for using alternative fuels in cagapion ignition engine is that the
consumption and demand of petroleum products aceeasing every year due to
urbanization, increase in vehicular density and grovequirement is going up and to
reduce emission produced by today’s diesel engihéh in turns require a clean burning
fuel that perform well under the variety of opemgticonditions. Using an emulsion of
diesel in water as a fuel has been a recent fietdualy in this field. Water/diesel (W/D)
emulsified formulations are reported to reduce g¢h@ssions without compensating the
engine’s performance. In present work an emulsias prepared by adding nanoparticle
as a fuel additive.

A detailed experiment study has been conducted/atuate the effect of cerium oxide
dose level in 15% water emulsion diesel. The ericdgion method was used to produce
E15.The span 80 and tween 80 were used as sutfacldre cerium oxide nanoparticle
dose level in water emulsion diesel were 40, 60pg respectively. The experiments
were performed in a 4-cylinder, 4-stroke water edotliesel engine at constant 1650
RPM, over different load condition. The propertmsch as viscosity, flash point, and
calorific value were also determined as per statsldExperiments were conducted using
diesel and different blends of emulsion such as, EHB5Ce@40, E15Ce@60, and
E15CeQ80 by varying the load on engine. Performance amisston parameter of
different blends of emulsion were compared to pliesel. Results reported that cerium

oxide blended fuels substantially improve the penfnce and reduce harmful pollutants
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CHAPTER 1

Introduction

Diesel engine plays a vital role in power genergtitransportation and industrial
activities. The main advantages of the diesel engimer the gasoline spark ignition
engine include its durability, reduced fuel constiop and lower emission of carbon
monoxide and unburned hydrocarbon. Due to higHamefcy, diesel engines are of high
interest in light duty vehicles. India stand® i& the world of oil consuming countries
with an oil utilization of 2,438,000 barrels perydand its pollution problem appeared

many years ago [3].

Pollution Conservation Research Association repottet the transport sector solely
ingests more than 50% of the entire oil consumptiothe country [3].The transport

sector contribute to environmental pollution laggeind out of these pollutant CO is
prime pollutant followed by hydrocarbons emissionindia, transport sector emanate an
approximate 261 tones of GOof which 94.5% is subscribe by road transporte Th

transport sector is accountable for 60% stagingyeén house gases [4].

Air pollution is not only considered a nuisancet also a threat to public health. A man

on average breathes 22,000 times and he taken @5#aseach day [5].Health impacts of

poor air quality ranges from irritation of eyesstome serious problem such as impaired
lung function, decreased resistance to infectinoreiased incidence and severity of lung
cancer, reproductive problem, birth defects andhptare death mainly due to respiratory
and heart condition [2, 4].

Conventional fuels have been found rather inadequiat improving emission
characteristics which is the very first need of @dimg emission regulation. Nanofluids
could decrease the emission parameter and can \wprombustion efficiency by
improving the ignition delay and fuel propertieandfluids had the potential as the next-
generation fuel for lowering emission and combusgdficiency improvement. Although
nanofluids have displayed enormously exciting pt&tmpplications, some vital hinders

also exist before commercialization of nanofluids.
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1.1COMPRESSION IGNITION (CI) ENGINE TECHNOLOGY [1]

In operation of a four stroke CI engine only airinglucted into the cylinder during
suction while the fuel is injected into the cylindest before the combustion takes place.
If the fuel is injected into a pre-combustion chambefore being introduced into the
cylinder then it is comprehend as indirect Cl ergi@n the other hand when the fuel is
injected directly into the cylinder, it is so callairect Cl engine. The intake air is
compressed and in the process the temperatureis¢soto about 800K.The compression
ratio of Cl engine is usually higher than for Spere. Close to the end of compression
stroke; about 20° crank angle before TDC, fuehjsdted into the cylinder. The fuel is
atomized into droplets and entrains air molecusesling to the liquid evaporating into
non-uniform combustible mixture. Because the amgerature and pressure is above the
fuel injection point, spontaneous ignition occurgart of the mixture thus initiating the
combustion process. Combustion takes place atraosalconstant pressure. The exhaust
stroke is the much the same way as S| engine. Becafithe high pressure in the
cylinder, Cl engines are designed to with standhigh pressures and thus tend to be

heavier than Sl engine.
1.1.1 PERFORMANCE CHARACTERISTICS OF C.I ENGINE [1]
The performance of an engine is an indicated Hgviohg factor.

» Brake power developed or BMEP
» Specific fuel consumption (kg/kW-hr)
» Specific power output (kW/kg of engine weight)

» Emission from the engine.

The application of the engine decides the relaitiwportance of these parameters. The
specific power output is more important for marieagine whereas specific fuel
consumption is more important for industrial engifide basic parameters which are

considered for evaluating the engine performanee ar

* Indicated power
» Mechanical efficiency
» Thermal efficiency

» Specific fuel consumption
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* Volumetric efficiency

 Exhaust emission
1.1.2 DESIRABLE PROPERTIES OF CI ENGINE FUEL [1]

A few important properties required for safety amahvenience in storage, handling and

usage are listed below:
Viscosity

Viscosity is defined as resistance to flow of ldjdue to internal friction between the
liquid molecules. It plays an important role in therformance of the fuel system of
engine operating through wide range of temperatuedfects the fuel injection system as
the low viscosity can result in an excess weamnjaction pump and power loss due to
pump leakage whereas high viscosity may resultxicessive pump resistance, filter

blockage, coarse atomization and fuel deliverystate
Cloud point and Pour point

The cloud is defined as the temperature at whicload or haze of wax crystal appears at
the bottom of a test jar when chilled under présaticonditions. Pour point is defined as
the temperature at which fuel ceases to flow. Paoimt is always lower than cloud point.
Cloud point should be small as possible so that dhificulty will not be experienced

even in cold weather
Flash point and Fire point

Flash point is defined as the lowest temperatureskath the fuel gives off sufficient

vapours and ignites for a moment. The fire pointhis temperature at which vapours
burns continuously for five seconds. The fire pagnalways higher than flash point by 5
to 8°C.Flash point is important from safety viewirgpthis temperature should be high.
The flash and fire point indicates the temperahg®w which, oil can handle without

any danger of fire.
Volatility

Volatility affects the ignition quality of fuel. Ishould be sufficiently volatile in the
operating range of temperature to produce goodnmignd combustion. The volatility

characteristics of diesel fuel affect the hydroocarlemission and smoke density of the
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exhaust. High volatile fuel also helps in startittge engine easily as it forms the

combustion mixture readily
Engine deposits

The deposits in the engine are a very serious enobSolid carbon matter is deposited on
all parts of engine because of incomplete combustb fuel. The deposits tend to
increase with increasing viscosity and decreasilgtiity. Sulphur compounds in the
fuel tend to promote both deposits and corrosidrer&fore, low sulphur content is most
desirable property of Cl engine fuel.

Cetane number

Knocking in Cl engine is because of delay periodcWwhis defined as time lapsed
between the injection and start of combustion. e time lag increases, the amount of
fuel accumulated increases and abnormal combusti@s place when actual combustion
in the engine starts. Therefore, good CI engindsfabould have low delay period and
should ignite more quickly. A high cetane numbeel$uare generally used to avoid
knocking of the CI engines. Cetane number of aeflieagine fuel is indicative of its

ignition characteristics. Higher the cetane nunid@dter is its ignition properties.
1.2NEED OF ALTERNATIVE FUELS

Increasing liquid fuel prices and impending emissiegulations have sharpened the
automotive industries to focus on efficiency. Maoreothe rapid depletion of fossil fuels
due to widespread use has forced to search for Bmmemission and renewable sources.
The environmental concern, emission from motor eehihave become an impute
begetter of air pollution. Emissions of diesel-&glvehicle have high concentration of
NOx and particulate matter [2]. The mixture conteémbon particle that are exceptionally

small in size, less than one micron.

These particle may be deeply inhaled into the land carry with them a collection of
attached hazardous compound. Euro Il diesel catsefrb times more toxic particulate
matter than comparable petrol car. The diesel fusnesnore carcinogenic [2].The World
Health Organization estimates that over 700 thadiggople die each year in South Asia
as result of ambient particulate matter pollutiomaking PM s emission as the sixth

largest Killer in the region. Many Indian citiesl feonsistently to meet National Ambient
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Air Quality Standards [5].The California Air Resoas Board concluded that diesel
emission account for the majority of cancer rigkated by all outdoor pollution source in
the U.S.

In India, vehicle accounts for over half of all N@rission and about a quarter of fine
particulate matter (PME) emission resulting into two most problematic pailutants.

One of the primary barriers to progress towardeatife vehicle-emission standard in
India is the high sulphur content in the diesel i@l gasoline sold in the country: up to
350 ppm in diesel and 150 ppm in gasoline. At stmhcentration, sulphur inhibits the

proper functioning of advanced after treatment [5].

So in order to reduce the vehicle emission it mtsj¢he need of improving fuel quality as
to minimize the pollutants. Alternative fuels adaiad for lower emissions so the
guestion is whether converting a significant fractiof vehicle to alternative will help

reach such goals.
1.3 EMULSIONS

An emulsion can be defined as a mixture of two ilguin which one is present in
droplets of macroscopic or ultramicroscopic sizéstributed throughout the other.
Emulsions are made from the constituents spontafear by a mechanical way. In
spontaneous emulsions, the mixing is easy and apeatis. But if they don’t mix
properly then a third chemical called a surfaciantised to bind the molecules of the
constituent liquids. Then a mechanical agitatoused to mix the liquids thoroughly.

After mixing them for some time, emulsion is formed
1.3.1 Types of emulsion

Depending upon the type of emulsification technjoiire emulsions are classified into

two types: [6]

1.3.1.1 Two-Phase EmulsionTwo phase emulsion include one continuous and one
dispersed phase liquid and sometime called prirearylsion. There are two basic form

of two-phase emulsion as shown in figure 1.1.

* Oil-in water emulsions (O/W): The emulsions where oil is the dispersed phase
and water is present as the dispersion mediumifeenis phase) is called oil in

water emulsion.
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 Water — in- oil emulsions (W/O): The emulsion in which water forms the
dispersed phase and the oil is present as a disgaredium (continuous phase)

is called water in oil emulsion

Dispersed Dispersed
phase (water) phase (oil)
Continuous Continuous
phase (oil) phase (water)
‘Water-in-oil emulsion Oil-in-water emulsion

Figure 1.1 Concept of two-phase water-in-oil and bin-water emulsion [6]

1.3.1.2 Three-Phase EmulsianThree phase emulsion consist of one continuoaseh
and two or more dispersed liquid. These emulsiomsetsimes are called multiphase and
secondary emulsion. On the basis of inner and qitase as shown in figure 1.2 named

as oil-in- water-in-oil and water-in-oil-water.

e - Dispersed phase (water) = i Dispersed phase (oil)

Internal phase (ofl) Internal phase (water)

Continuous phase (oil) Continuous phase (water)

Qil-in-water-in-oil emulsion Water-in-oil-in-water emulsion

Figure 1.2 Concept of three-phase oil-in-water-indiband water-in-oil-in-water [6]
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1.3.2 Water diesel emulsion in diesel engine [6]

Stringent emission norms and environmental concaragprime mover for developing
interest in water diesel emulsion. Induction of erdtas a convincing effect on various
component of exhaust escaping to environment, aschitrogen oxides (including NO
and NQ, which are collectively termed as NO particulate matter as well as soot
formation. Water diesel emulsions are of more ggeidue to micro size dispersion of
water molecule, which is desirable for better costimn of fuel. The various fuel
additives are employed for emulsion fuels, inclgdisome light hydrocarbons and
triglycerides. The main reason for increasing esérin water diesel emulsion as
compared to gasoline is that the high combustiompggature and high pressure that is
present in the diesel engine is particularly appate for this concept. Use of diesel
water emulsions have shown to give several integsésults:
* Reduction of nitrogen oxide N@missions, particulate contents and soot particles
in the exhaust and

» Boost combustion efficiency of the engine.

The presence of water in diesel brings about ameg@ble reduction in the quantity of
NOy and particulate matters (PM) emissions. Howeveglétes more to diesel fuels than
any other fuels. For the fuels with high nitrogeonient, such as some residual oils,

the NQ in the exhaust comes mainly from oxidation ofogen.
1.3.3 Effect of emulsion fuel on combustion efficrey of the engine [6]

Induction of water in combustion chamber througk kimd of emulsion has significant
effect on the efficiency of engine. As water comtémcreases, yield of torque also
increases over the entire operational range. Wihencharge is injected inside the
cylinder, water turned into steam due to very highssure and temperature. Another
basis for the improvement in combustion efficiemgyow interfacial tension present in
oil-water compound, promotes better atomization arning of injected fuel. Higher
contacts with air facilitated due to better dispmr=f oil-water molecules and therefore
boost the burning process, which is favorable figr tombustion. It has been suggested
that water-in-oil upgrade the combustion phenomenowing to simultaneous

overwhelming of droplets thus providing better mgxiof fuel for burning in air.
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1.3.4 Effect on emulsion fuel on emission parametef the engine [6, 7]

By using diesel water emulsion in the CI engine aaduel, reduces the overall
temperature inside the cylinder. As soon as theniaked fuel is sprayed inside the
cylinder during the compression stroke, the watetigles get vaporized owing to the
high temperature and pressure inside the cylindence, water takes away some heat
from the cylinder for its latent heat requiremetasconvert into steam. Thus will lower
the local high temperature resulting in the reductof NQ, Likewise, there is also a
micro explosion phenomenon is to facilitate the imgxprocess which results in reduced
reaction time. Further, the reduction in maximuncalotemperature also reduces the
reaction rate. These combined effect reduce thadton of particulate matter, soot and

total hydrocarbon in the exhaust

! |

- Diesel

Dispersed
—‘ = et Surfactant film

Diesel
l . Primary atomization

Secondary atomization
due to microexplosion

Unburned diesel + _____ Cleaner combustion
particulates = S -

Figure 1.3 Concept of micro explosion phenomenon]6
14 NANOTECHNOLOGY

Nanotechnologyis produced by functional materials, devices, agdtesns and is
controlling matter at the nanoscale level, andetkigoitation of their novel properties and

phenomena that emerge at that scale [8].
There are mainly two approaches that are usednateahnology:
Top-down approach: It referred as the synthesis of nanostructuras toalk.

Bottom-up approach: It referred as the formation of nanoparticles froonstituent

atoms.
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1.4.1 Nanofluids and its structure [8]

Nanofluids are the heat transfer fluids producedirmprporating the very small size
particles (average size less than 100 nm) suchetallio, non-metallic and polymeric in
to conventional fluid. Yu and Chomodified Maxwell model with the assumption that
the base fluid molecules close to the solid surfafcthe nanoparticles form a solid-like
layered structures. Hence the nanolayer worksthsrenal bridge between the liquid base
fluid and the solid nanoparticles, and this wilhance the effective thermal conductivity.
As seen from Fig. 1, a nanofluid consists of tla@itl base fluid, the solid nanoparticles

and the nanolayers.

Manoparticle

i

Manolayer

B — Liguid base fluid

0000
00000
29099

00000
)0

Figure.1.4: Structure of Nanoparticles
1.4.2 Base fluids

Base fluids are also called host fluids. They amgls-phase conventional fluids having

poor heat transfer properties [8].

Table 1.1: List of base fluids

S.No. | Description Examples
1 Metallic liquids Sodium
2 Non-metallic liquids Water,

Ethylene glycol (EG)
Engine oil (EO)

1.4.3 Types of nanomaterial [8]

The following types of nanomaterial are listed bela table 1.2
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Table 1.2: Nanomaterial Types

S.No. Description Example

1 Non-metals Si, AI203, Graphite, Carbon nanotubes
2 Metals Cu, Al, Ag, Au

3 Nitride ceramics AIN, SiN

4 Semiconductors TiO2, SiC

5 Carbide ceramics SiC, TiC

6 Composite materials Alloyed nanoparticles, Al78Cu

7 Oxide ceramics AD;, CuO

8 Layered Cu + C, Al + Al203

9 Earth oxide Ce®

1.4.4 Challenges of nanofluids [8]

High cost of nanofluids: Higher production cost of nanofluids is among the
reasons that may hinder the application of nandélum industry. Nanofluids can
be produced by either one step or two steps methgdwever both methods
require advanced and sophisticated equipments. ¢bighof nanofluids is among
the drawback of nanofluids applications

Long term stability of nanoparticle dispersion: Preparation of homogeneous
suspension remains a technical challenge sincenémeparticles always form
aggregates due to very strong van der Waals intensc To get stable nanofluids,
physical or chemical treatment have been condustezth as an addition of
surfactant, surface modification of the suspendedigies or applying strong
force on the clusters of the suspended

Higher viscosity: As the particle concentration in the suspensiomeizsed the
viscosity of nanofluid also increased. So, the ipi@rtmass fraction cannot be
increased unlimitedly.

Increased in pumping power and pressure dropThe pressure drop increases if
nanoparticle size increase and hence power reqtoredumping also increases.
The properties of the base fluid like density arstasity directly influenced the
pressure drop. If the viscosity and density of fla@ is increases then pressure

drop and pumping power also increases.
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CHAPTER 2

Literature Review

In the course of “Alternative fuels for compressignition engine” many journals and

books were consulted which are reviewed here readew two parts:
2.1 Review of literature

Yang et al. [1], had evaluated the performance and emission diiien a diesel engine
with common rail fuel supply system and compareith\wure diesel. Water concentration
used in emulsion oil was 10% and 15% respectiv@lycerin was used as an additive for
emulsion oil by mass 11.5% and 10% respectivelylikérother emulsion fuels it was
transparent with superior stability. The performamt all the fuels were compared at
different speed and working load. It was obsertedjue decreases with the increase of
water content. An improved brake thermal efficiem@s observed for the emulsion fuel.
Emulsion fuel was found to reduce the combustiaation. Especially for E10, the brake
thermal efficiency of the engine was significantiyproved by 14.2% compared to pure

diesel and NQwas also reduced by 30.6%

Yang et al. [2], had evaluated an emulsion fuel with 82.4% dieS#®, water and12.6
nano-organic additives by volume on a four cylindeur stroke diesel engine. Glycerin
and polyethoxy-esters was used as oxygenated\a8i-9 is was the surfactant to form
the stable emulsion. The water droplet size wasddo be 100nm in emulsion oil with a
typical diameter of 10 um. Unlike other emulsiorelfit was green in color and very
stable. All the fuels were tested by varying thgiee speed and load. The results was
formulated in comparison of pure diesel It was obseé that better efficiency is achieved
with emulsion oil and NQemission was found to reduced. HC and CO emissievery
low for both the tested fuels. It was found thatitign delay of emulsion fuel is slightly

longer; however the combustion duration was shorter

Scarpet [3], had reviewed the diesel-water emulsion fuel touceddiesel engine
emissions. The diesel-water emulsion fuel was ¢oatbwater in the range of 5-15% and
diesel fuel with specific surfactants, to stabilihe system. The results showed that NOx

was reduced from the reduction of local high terapge due to vaporized water during
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combustion. The reduction of local high temperatey cause the reduction of reaction
rate, which has a possibility of affording a mixitige for better combustion for reducing
PM. Smoke emissions was tend to decline as thdsenuratio increases due to the
lower peak temperature in cylinder. Study showexd tlengine power was decreased with
water content, due to lower calorific value of esioih fuel compared to pure diesel fuel.
The phenomenon of micro-explosion, considered a&s gbcond atomization which
improved fuel combustion and reduces fuel conswnptiThe heterogeneous results
regarding the use of diesel-water emulsion as faeldiesel engines suggested that
experimental work for optimizing the emulsion foramion in terms of water content and

internal structure is recommended.

Singh et al.[4],had conducted the experiment on single cylindezatlimjection diesel
engine working between1500-2700 rpm to evaluate ghgformance and emission
characteristics of emulsified diesel fuel of 0,51Hand 20 water/diesel ratios by volume.
The Span 80 in the range of 1% was added to thenallsion blends and it was stirred
using mixing machine at 1500-18000 rpm for sevatalutes. All the graphs were plotted
against the speed. The results shown that the 2086wontents emulsion given highest
brake specific fuel consumption among the all béehdt emulsion followed .it was seen
that emulsion with 20% showed highest brake theeffadiency. The emulsion with 20%
water content had the lowest exhaust gas temperalinre emulsion with 20% water
content found to lowest CO and COZ2. It had beeremes that the reduction of HC
emission in the range of 60-93% occurs due to 8eai emulsion fuel. Emulsion fuel
shown lessens smoke opacity. Much more water ctntenduced larger differences in

NOy emissions among all the emulsions.

Badrana et al.[5], investigated the performance and exhaust emissioremulsified
diesel fuels of 0, 10, 15, 20, 25 and 30 water/&liesatios by volume, were used in a
single cylinder, direct injection Diesel engine. Axperimental investigation was carried
out to produce a stable diesel-water emulsion fodbe used in a diesel engine under
different operating conditions. The proper mixieghnique and surfactant were used to
produce stable emulsion. The stability of these Isiois ranges from one week up to 4
weeks. The physical properties of stable waterediesulsions such as density, viscosity
and pour point were observed. The effect of watesal concentrations, on the

performance of a single cylinder diesel engineeinms of engine speed, torque, brake
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power output, brake specific fuel consumption, brakermal efficiency, exhaust gas
temperature and emissions such as, [d@d particulate matter (PM) were studied. The
results showed that the water emulsification hgdt@ntial to improve the diesel engine
performance and to reduce the emissions. The cdinhusfficiency was found to
improve of emulsion during addition of water to <bé The engine torque, power and
brake thermal efficiency were increases as the mp&gcentage by volume in the
emulsion increases. The average increase in the bhermal efficiency for 30% water
emulsion is approximately 5% over the use of diésethe engine speed ranges studied.
The particulate matter and NOx emissions were dse as the percentage of water in

the emulsion increased to 30%.

Rao et al.[6],evaluated the performance and emission charaatesisstraight vegetable
oil (SVO), micro emulsions ESVO-80 (80%, 15%, a®ddof vegetable oil, ethanol and
butanol by volume) and ESVO-70 (70%, 20%, and 1G%egetable oil, ethanol and
butanol by volume) compared with diesel on singidinder, naturally aspirated,
compression engine using pump set. Basic propeliiesviscosity, calorific value,
specific gravity were evaluated for all test fudlsvas noticed that at full load, the brake
thermal efficiency, with SVO, ESV0O-80, ESVO-70 adlidsel is about 21.12%, 23.33%,
24.49% and 31.85% respectively. The brake speeifiergy consumption of ESVO- 70
was found to lower as compared to diesel. The vegdtable oil reported highest exhaust
temperature (402°C) as compared to diesel and @nslsCarbon monoxide emission
was lower with emulsions as compared to diesel. fulltload, unbrunt hydrocarbon
emissions were higher with vegetable oil and itsulsions as compared to diesel.
Nitrogen oxide and smoke opacity emission was gedower with vegetable oil and
micro-emulsions as compared to diesel. In extengiggod, SVO exposed injector
choking, fuel pump damage, fuel filter clogging kerhulsions of SVO with alcohol

shown lower viscosity, improved volatility, betmymbustion and less carbon deposits.

Sudrajad et al. [7], had conducted the experiment on direct-injectiaseli engine four

stroke one cylinder, capacity of 12HP, was operatef000 rpm with 25, 50, and 75%
engine load using two kind of fuel as 100%dieskand 10% emulsion (89% volume DO
+ 10% water + 1% surfactant). The mixture of sodiwdroxide, calcium hydroxide and
chlorine were employed as a surfactant into theegwgent work. All the results were

plotted against the load. The test were conduatetirepeated five times for every kind
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of fuel, in order to increase the reliability ofethest results. The CO emissions were
observed for emulsion fuel. The increasing of, 8@issions were high at 50% and 75%
engine load compare to the 25% engine load, diidhcentration was decreased from 340
ppm to 280 ppm at 25% engine load. Exhaust gasdmtpe was slightly decreased
from 290 to 2700C, 390 to 360 0C, and 530 to 518025%, 50% and 75% engine load,
respectively. The experimental results prove thai emulsions fuel potentially good
alternative fuels for diesel engine in the neaur@tbecause of give a benefit effect on the
fuel oil consumption and reduction of pollutantsigsions.

Swain et al. [8],had carried out an experiment on a single cyliridar stroke constant
speed direct-injection diesel engine to evaluate therformance and emission
characteristics. The blends of 5%, 10%, 15% and @D%ater with diesel were prepared
using surfactant SPAN-60 and TWEEN-60 for the ditgtof the emulsion. The emulsion
was obtained with the aid of a mechanical mixeantthe experimental result reported
here that the specific fuel consumption was obsklingprovement with an optimum
value of 15% water. The thermal efficiency was seleghtly better in comparative with
the use of neat diesel oil. The combustion efficjefiound to increases with water
content due to the complete combustion. The reseltsaled that the large reduction of
NOy concentration was observed by using different eatration of water in fuel
emulsion. Furthermore improvement of fuel economyg aeduction of exhaust smoke

were obtained.

Kannan et al. [9], had examined performance and emission charaatsrist water
emulsified diesel fuel, was prepared by mixing 1886 20% of distilled water with 90%
and 80% of diesel by volume. The experiments werelacted on a single cylinder four
stroke cycle direct injection diesel engine at tant speed (1500rpm) with a fuel
injection pressure of 200 bars. Sodium lauryl Batp was used as surfactant and added
in the range of 0.1% to prepare emulsion. The mixas stirred for 2-3 minutes in an
electrically operated agitator. All the results eguotted against the brake power. From
the test results, it was found that the water eificdsion has a potential to improve brake
thermal efficiency and brake specific fuel consuomt The results exposed that brake
thermal efficiency was increased when the amoumiaiér in the emulsion increases The
brake specific fuel consumption was decreased &iad conditions when the percentage

of water in the emulsion was increased The,M@d hydrocarbon emissions were found
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to decrease with increase in water percentagedrethulsified diesel. The percentage
drop in NQ was originated 10% and 25% for 10% and 20% waténe emulsion.

Sachuthananthan et al.[10],had performed the experiments on a naturallyratgu
water cooled 5H.P kirloskar single cylinder constmeed DI diesel engine to appraise
the performance and emission characteristics of nstemt 30% water-biodiesel
emulsion(WBE) as fuel with 5%, 10% and 15% bleofidiethyl ether(DEE) . The static
injection timing was 23 BTDC and the fuel injectipressure was 200 bar. All the results
were described against the brake power. The resulisate that the maximum heat
release rate for 30% WBE was found to be 64.1 JM€grees which arisen at 11 degrees
BTDC and for 5 % DEE it was 54.2 J/CA degrees, f0r% DEE it was 58.1 J/ CA
degrees. It was found that the brake thermal efficy at full load was increased from
28.3% to 29% with 15% DEE addition. The HC and @&els were reduced from
75ppm to 40ppm and 0.175 % vol. to 0.1 % vol. respely at full load when compared
to neat water-Biodiesel emulsion. The smoke opasdg observed 4.2 BSU for diesel,
4.5 BSU for biodiesel and 2.5%BSU for 30%water-i@sdl emulsion. With the addition
of 15% DEE the smoke opacity was significantly dirshed and it was 1.6 BSU. The
NOy level for DEE addition is lower than that of wat®odiesel emulsion and neat diesel
modes of operation. At full load the NOx was foutedonly 568ppm for 10% DEE
addition as compared to 651ppm with 30% water-lgiseli emulsion. Use of 15% DEE
along with the water biodiesel emulsion the HC einiss was traced only 65ppm at full
load conditions which was the lowest level amorigtfa blends. The excess21.6% of
oxygen by mass in DEE significantly reduced the CGest results indicate that 15%
DEE blend gives better performance and lower ewrnsscompared to other blends of

emulsion fuel.

Ganesh et al. [11]had investigated the effect of nano fuel additivetioe performance
and emission characteristics of jatropha biodig8dl00) in a single cylinder direct
injection, air cooled diesel engine operating aDASRPM. Cobalt oxide (GQ,)
nanoparticle was prepared by Sol-Gel method andnislagn (Al-Mg) was prepared by
Ball Mill process. The obtained patrticle size ramgges from 38-70 nm. In order to make
nanoparticle stable, CetyleTrimethyl Ammonium Brdmi(CTAB) a cationic surfactant
was used. Nearly 1% improvement was observed inmieefficiency for magnalium
compare to B100 without additive. The cobalt oxédeadditive results in 83% reduction

in HC emission at 75% load operation compare td beadiesel. A similar trend was
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noticed with magnalium nano fuel additive. HC entisseduced up to 70% at 50% load.
It was observed that at 75% load operation, Kg&duction is about 47% in case of cobalt
oxide nano-fuel additive. The cobalt oxide nand agditive shows a better reduction in
NOy emission at all load when compared with Magnalilanafuel additive. By adding

magnalium, the maximum reduction of about 66% CQOssion was observed at 50%

load. Also by adding cobalt oxide, there is a 5@duction in CO emission at 75% load.

Ajin et al. [12] had conducted an experiment to investigate thelytat activity of
cerium oxide, especially in nanosized form. Cermxide nanoparitcles were prepared by
chemical method and added diesel to obtain a stldpension. The performance tests
were conducted on a naturally aspirated four strekegle cylinder water-cooled
compression ignition engine, operating at ratecedpE500 RPM. Surfactant used was
dodecenyl succinic anhydride which has HLB Valug1Concentration of cerium oxide
nanoparticle sample in diesel was 5, 15, 25 andPBbRt was observed viscosity, flash
and fire point increases with addition of nanopudeti The load tests were conducted by
varying the dosing level of cerium oxide nanop#etin diesel, which shows that
hydrocarbon emission were decreased on additi@atafytic nanoparticle by about 40 to
45%, especially at higher load. The N@mission were found to be decreased by a
maximum of 30% ,on the addition of cerium oxide ojarticle in diesel, especially at
higher load and further reduction up to 50% wita #ddition of 5% volume fraction of

surfactant treated nanoparticle.

Shafii et al. [13],had performed test on a four cylinder, in-lingyrfstrokes, compression
ignition, water cooled engine, operating at 2200vVRRA water based Ferrofluid was
added to diesel fuel to explore the effects onethgine exhaust emission. Concentration
used was 0, 0.4, and 0.8 by volumetric proportibfeoofluid. Synthesis of nanoparticle
was based on reacting iron’Fand F&" ions in an aqueous solution to form magnetite
i.e. FgO,. Furthermore, aqueous tetramethylammonium hydeogiolution is used as a
surfactant to create electrostatic repulsion ineags environment. The average particle
diameter depicted by TEM is 10 nm. Mixture of dieaed ferrofluid having different
volumetric proportions of ferrofluid was preparegielded emulsion fuel. Results
formulated on basis of load variation, which shdhat adding 0.4% ferrofluid to diesel
fuel decreased NQOemission by 9 to 15 PPM, adding 0.8% Ferrofluiddtesel fuel
decreased NQemission by 14 to 24 PPM.
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Mozhi et al. [14], had investigated the performance and emissionacteistics of
compression ignition engine using neat diesel aedetibiodiesel-ethanol blends with
cerium oxide as additive. Cerium oxide nanopartitée was 32 nm and concentration of
25 PPM were used in the test. Nanoparticle werpedsgd in neat diesel and prepared
diesel-biodiesel-ethanol Blends. The turbidity maare was used to assess the stability
of the resulting suspension. The performance tesewarried on a single cylinder four
stroke injection variable compression ratio wateoled engine at the compression ratio
of 19.All the results were plotted against brakeameffective pressure (BMEP). The
lower SFC was observed for Cerium oxide blend @it mkesel. The addition of cerium
oxide further decreased the CO, HC emission whempeoed with neat diesel. The NO
emission was lower for the neat diesel comparinglitthe fuel blends. The least smoke
absorption coefficient was observed as 1.273 fa ¢lerium oxide blended diesel-
biodiesel-ethanol blends at the BMEP 0.44MPa.

Basha et al. [15],had investigated the effect of carbon nanotubeT|CiNto diesel to
achieve better performance and reduced emissio@ €kperiment were conducted on
single cylinder four stroke water-cooled DI diesengine with an electrical loading
device at constant speed of 1500 RPM using neaeldénd CNT blended diesel without
any modification in engine. Carbon nanotube wash®gized by an electric arc discharge
method. Concentration of CNT used was 0.5 g/ligylit, 1.5 g/lit by mass fraction. All
the results were plotted against brake mean efegiiessure (BMEP). The brake thermal
efficiency and specific fuel consumption was obedrto be improved with CNT blends.
It was observed that magnitude of emission chanatitss such as NQ CO, HC, EGT

and smoke opacity is comparatively less comparec &b diesel

Fangsuwannarak et al. [16],had evaluated the performance and emission ofua Fo
cylinder, four stroke vertical-in-line, water-codleeompression ignition pickup diesel
engine at full load condition using commercial éieB5 Palm Biodiesel (95% diesel +
5% Palm Oil) and nanoparticle blended fuel .Theopanticle used was TiO The
recommended concentration of the nanoparticle filo&ir producer was used to prepare
the blend. All the results were plotted againstimagpeed. According to his results,
exhaust gas temperature was observed to increadesnarease of speed. It was found
that TiQ, had reduced the specific fuel consumption andeeed engine power for pure
diesel by 13.22% and7.78% respectively. However Nii&g emission for commercial

diesel blended with nanoparticle fuel is effectyvetduced as compared to commercial
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diesel and B5 blended with nanopatrticle. In additiat high engine speed the minimal
CO emission less than 55 PPM was obtained for cawialediesel blended with
nanoparticle. Ti@ nanoparticle had the most influence on the difsslfor reducing the
CO emission with the decreasing fraction by 1%5t0] 85% at 2000RPM, 80% at 2500
RPM and 76% at 3000 RPM as compared to neat di¢$eld no effective reduction of
CO emission for blending in B5 fuel. The blend @®7 based additive with diesel does
not only provide the minimum CQemission but it was also led to the minimizatidn o

fuel consumption in comparison with diesel withadtlitive.

Sajith et al. [17], evaluated the influence of dose level of ceriundexanoparticle in
biodiesel. In order to obtain the performance amission characteristics, performance
test were carried out on a single cylinder watested direct injection diesel engine,
operating at 1500 RPM. The size of nanoparticldal@0 nm and density of 7.13g/mL
was used. The dosing level in base fuel was 20RPIMPM and 80PPM respectively. All
the results were plotted against the load on téieetiegine. Increasing trend was observed
in the properties of fuel like viscosity and voligi with addition of nanoparticle. The
results showed that an average reduction of 2540% in the hydrocarbon emission was
obtained for the additive dosing level ranging frdthto 80 PPM of the additive. The
NOx emission was found to be generally reduced on atieition of cerium oxide
nanoparticle to biodiesel. Where average reduatibaround 30% was found to occur
with dosing level of 80 PPM nanopatrticle. The raducinfluence of the fuel additive on

carbon monoxide emission was not as prominent.

Kao et al. [18], had investigated the combustion of aluminum namdfioto diesel. The
nanoparitcles are made by applying a plasma aatutoinum nanopowder submerged in
water. The average diameter of nanoparticle wastad@-60 nm. An ultrasonicator was
used to produce emulsified nano-aluminum liquid.e TAluminum nanofluid (AN)
additive was added from 30cc to 50cc into 1ltr eidsiel (D) and then an ultrasonic
vibrator was used to vibrate the mixture for 15 ninform the experimental nano-
aluminum diesel fuel (AN+D).Combustion curve and ission concentration was
determined after 200 sampling combustion cyclevds observed using AN+D fuel had
lowered the BSFC compared with D fuel. The measooetentration of smoke and NO
with varied values of BMEP at varied engine spe&ds.comparison, combustion test at
the same condition using pure diesel (D) were eésded out. Experiment performed for
both fuel D and AN+D over three different engineesgs. It was observed that NO
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concentration for AN+D fuel is lower than that offlel at all loads at 1200 and 1800
RPM. The aluminum nanopowder additive mixed in [elfeauses a clear smoke
reduction for engine speed less than 1800 RPM abd déncentration was showing a

decreasing trend.

Tiwari et al. [19], had conducted the test to determine the combusti@nacteristics,
performance and emission characteristics of sieglender four stoke direct injection
diesel engine using biodiesel fuel blended withtivwallled carbon nanotube. Biodiesel
used was known as Hinge oil methyl ester [HOME]vage particle size, bulk density,
surface area and purity of CNT was 10-30nm, 0.0B6-d/&c, 350 rfy, 95% respectively.
The different fuel combination of CNT blended-biest| was prepared in mass fraction
of 25 and 50 PPM. Using ultrasonicator mixture \a#swed to vibrate for 30 min at a
frequency of 40 kHz, 120W, and yielded test fuel known as HOME25MWCNT and
HOMESOMWCNT respectively. Neat diesel was used lbase line data generation
,during the experiment, compression ratio, injectapening pressure, injection timing
was kept at 17.5, 205 bar and 23°BTDC for dieserajon and 17.5, 230 bar and 17.5°
BTDC for blend of HOME-MWCNT respectively. The emtitest was conducted at a
constant speed of 1500 RPM and by varying the ld&e result revealed that better
thermal efficiency was observed for HOME-MWCNT hbied fuel. MWCNT-HOME
blended fuel was tends to reduce the smoke opasibpmpared to HOME. The observed
smoke opacity for HOME25MWCNT and HOME50MWCNT wa8 é&nd 59 HSU,
compared to 78 HSU for HOME and 52 HSU for neaselierespectively at 80% load.
The NQ, emission for HOME25MWCNT was 600 PPM where it wé&s) PPM for
HOMES0MWCNT, compared to 580 PPM for HOME and 8@@M\Pfor neat diesel, at
the 80% load respectively.

Mehta et al. [20], Investigated the burning characteristics, engindopmance and
emission parameters of a single-cylinder Compreskiaition engine using nano fuels
which were formulated by sonicating nano parti@désluminum (Al) having 30-60nm,
iron (Fe) 5-150 nm and boron (Bo) 80-100 nm in sizdase diesel with 0.5wt% and
0.1wt% Span80 as a surfactant for stable suspensimm nano fuels reduced ignition
delay, longer flame sustenance and agglomeratetiagniby droplet combustion
mechanism test. Peak cylinder pressures decreadeidheer load conditions and were
registered as 55, 59, 60 and 62 bars for Al, Baarkekdiesel respectively. Specific fuel

consumption was reduced by 7% with Al in comparigondiesel. Exhaust gas
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temperatures of Al, Fe, and Bo rose by 9%, 7% &bdréspectively, resulting into
increase in brake thermal efficiencies by 9%, 4f6 2% as compared to diesel at higher
loads. A wet whatman filter paper was adopted tecothe soot particles and increase in
weight by 12%, 9%, and 8% was observed for Fe, ®BbAl nano fuels respectively as
compared to diesel. At higher loads, the emisstadysshowed a decline of 25-40% in
CO (vol. %), along with a drop of 8% and 4% in hychrbon emissions for A1 and Fe
nano fuels respectively. Due to elevated tempezatarhike of 5% and 3% was observed

in NOx emission with A1 and Fe-.

Karthikeyan et al. [21], had evaluated the performance and emission cleaistats of
Promolin Stearin wax oil(B) biodiesel blended wild% diesel(D) and 50PPM and
100PPM concentration of Zinc Oxide(ZnO) on a singyéinder air-cooled and direct
injection diesel engine operating at 1500 RPM. akerage diameter of the zinc oxide
nano particle was less than 100nm.The experimeats wonducted for low, medium and
heavy loads at rated speed with injection presstiB20 bar. All the results were plotted
against the break mean effective pressure. The@iide additive blends improved the
calorific value but did not had any significantexft on the other properties. The BSFC
was decreased and BTE was increased with the seiiaahe dosing level of ZnO in the
fuel. The BSFC and BTE for B20, D80B20Zn0O50 and B30Zn0O100 were found to be
0.284, 0.278, 0.272 in kg/kw-hr and 28%, 28.8%98% during experimentation. The
CO and HC had appreciably reduced with the incre&fiee nano particle as compared to

B20. The NOx emissions of all blended fuels did Im@te any considerable effect.

Lenin et al. [22], performed the experiments on a single cylindercaoled Direct
Injection diesel engine for evaluation of diesepéd with metal additives MnO (200
mg/L) and CuO (200 mg/L). Sol-gel method was uswdnfino fuel preparation. The
ranges of nano particle 50-210nm was confirmed 8#M. All the results were shown
against the load. The change in diesel fuel pragse(viscosity, flash point and fire point)
due to introduction of nano metal oxide additivesvabserved. The diesel fuel with nano
metal oxide additive had presented a marginal as@en performance. Brake thermal
efficiency was increased marginally by 4% from tlemventional diesel fueFor the DI
Diesel engine, the hydrocarbon emissions were bigitelower load. Thus, hydrocarbon
emissions during idling condition have been a footimttention. The diesel fuel with
metal additive was found to decrease from the cotweal diesel fuel operation during

the 25% load tests. At full load it was observegazimentally that 1% decrease in the
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hydrocarbon emission, it was analyzed that mangahas the stronger effect in reducing
the diesel exhaust emissions. The exhaust emissieasurements for the fuel with
manganese additive showed that CO is reduced by 88lNOX is reduced by 4%.

Karthikeyan et al. [23], had done the experiments on the single cylindar &iroke
stationary air-cooled and direct injection diesegiee operating at constant speed 1500
RPM under the full load. The nano size zinc oxid®a particle was less than 100nm
with 50PPM and 100PMM concentration was mixed msdl (D) and canola oil methyl
ester biodiesel (B) and fueled with various bleadsh as D80B20, D80B20Zn0O50, and
D80B20Zn0100 in diesel engine to check the perfoceaand emission characteristics.
The results showed that slight improvement wasmksen calorific value and kinematic
viscosity. The maximum cylinder pressure was ag@ifior additive added fuel and
D80B20Zn0100 released highest heat among all #edslas 95.93kj/fdeg. The BSFC
was decreased with increase in the dosing lev&n@¥ to the fuel. The BTE of additive
fuel was improved at higher load. It was obsentet thinimum CO and HC measured
with the ZnO blend fuel compared to B20 while thaximum NOX emission was

recorded with the use of ZnO blended fuel.

Mozhi et al. [24], had investigated the performance, combustion amissgon
characteristics of a variable compression ratiorengsing cerium oxide nanoparticles
and carbon nanotubes as fuel-borne nanopartictiitivees in diesterol (diesel-biodiesel-
ethanol) blends. Stability studies were carried wihg cerium oxide nanoparticles and
carbon nanotubes. Concentration of each were uSed® 100 ppm in the diesterol
blends. Blends were subjected to high speed mecdiaagitation followed by ultrasonic
bath stabilization. The performance, combustionemdssion characteristics were carried
out at compression ratio of 19:1. Result showed #uition of cerium and carbon
nanotube in diesterol blend, the cylinder gas pmessvas found to increase when
comparing with the neat diesterol blends. The aarbanotubes was a catalyst to
accelerate the burning rate which resulted in dese ignition delay and cause for the
lower heat release and advancement of the peakrbkegtse rate. The Cerium Oxide
nanoparticles were an oxygen donating catalyst hvprovides oxygen for the oxidation
of carbon monoxide and absorbs oxygen for the memtucof nitrogen oxides. The
activation energy of Cerium Oxide was to burn affion deposits and helps to prevent
the deposition of non-polar compounds on the cglindall resulted in significant

reduction of hydrocarbon and smoke emissions.
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CHAPTER 3

Research Gap and Objective

Increasing environmental concern and diminishinggbeum resources are the driving

force to search for ways and means of developin@lernative fuel. Researcher and
scientist concentrate their efforts for developamgalternative to meet power requirement
with reduced emission. The various alternativeslikk biodiesel and emulsion oil under
the stage of development. Moreover, water-diesallgon is more favorable due to its

easy availability of water and its abundance inureat There are various methods of
introducing the water in diesel engine. Of all thethods proposed to introduce water

into combustion chamber, water-diesel emulsion app® be most appropriate.
3.1 GAP IN RESEARCH

There has been plenty of research done on so faenoumision production method,
stability and diesel engine performance and emmssinalysis by varying the water
content in diesel engine. Simultaneously, effeahefsurfactant on the stability has been
reported by many researchers. Due to advent of teemology many researchers
investigated its impact on the engine performamut emission characteristics. A lot of
work is being done using diesel, biodiesel as & Itasl and nanoparticle as a catalyst,
additive over compression ignition engine. The a@ffif dose level on the fuels properties
and performance has been depicted by many sceeriisty little work has been done on
the influence of nanoparticle as an additive/ gatalon water-diesel mixture is

demonstrated for lower content of water.
3.2 OBJECTIVE OF RESEARCH

On the basis of the trend of energy consumption sutisequent effect on environment
due to combustion, the following points have bearefully analyzed in evolving the

objective of the present investigation.

The main objective of this work will be to do a qoemative study on effect of cerium

oxide nanoparticle dose level in higher concerdratif water in water-diesel emulsion
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based on their performance and emission charaatsris a four cylinder, four stroke

diesel engine. The effect of dose level will begdsand analyzed.
The literature survey has been done with followangs and objectives:

* Production of water-diesel emulsion fuel

* Blending of Nanoparticle with water-diesel emulsifurel to prepare different
blends in different dose level.

» Performance and emission characteristics analysengine

» Correlation of water-diesel emulsion with that adnoparticle blended water-

diesel emulsion is done on the basis of performanckeemission characteristics
The parameters of engine to be evaluated and comped were:

» Performance Parameters
» Brake power (BP)
» Brake specific fuel consumption (BSFC)

» Brake thermal efficiency (BTE)

= Emission parameters:
» Carbon monoxide (CO)
* Nitrogen oxide (NOXx)
* Unburned Hydrocarbon (HC)
* Smoke Opacity
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CHAPTER 4

EXPERIMETNAL SETUP AND METHODOLOGY

This chapter discusses the methods and procedguéed for the preparation of water-
diesel emulsion oil and nanoparticle blended wedtesel emulsion oil. In this chapter
process adopted for the determination of diffepoperties of water-diesel emulsion oil
and nanoparticle blended water-diesel emulsiorroih the four different blends (E15,
E15CeQ 40, E15Ce®@ 60, and E15Cef80). These four blends were charged in a
compression ignition engine. The performance végiaduch as brake power, brake
thermal efficiency, and brake specific fuel constiolp Exhaust gas is analyzed for
carbon monoxide, unbrunt hydrocarbon, Nitrogen egjdsmoke opacity are also assed.
These performance and emission variable of emulsioare compared to those of pure

diesel
4.1 PRODUCTION OF WATER-DIESEL EMULSION OIL

The production of water-diesel emulsion is carr@md in two steps with the aid of

mechanical agitator.

* In first step, a mixture (2% by vol.) of two nomio surfactants span 80 and
tween 80 was prepared by using surfactant, withrdpiilic and lipophilic
balance value 8.

* In second step, the neat diesel fuel (83% by \sl.jnerged with surfactant
mixture and agitated by means of mechanical agitato1l5 minute at constant
speed of 2500 r.p.m. simultaneously; the water(b§%ol.) is added with the aid
of metering pump. The resultant product is the wdiesel emulsion fuel (E15).

Figure 4.1 Surfactant used for preparing emulsiondel
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Figure 4.2 Surfactant mixture used for emulsion fuk

4.2 PRODUCTION OF NANOPARTICLE BLENDED WATER-DIESEL
EMULSION OIL

Cerium oxide nanopatrticle is chosen to investigigteffect on water-diesel emulsion oil
is purchased from XINYU ADVANCED MATERIALS LIMITED,CHINA. In order to
produce nanoparticle blended water-diesel emuls@mh both ultrasonicator and
mechanical agitator are used. Various steps usguejparation of nanoparticle blended

water-diesel emulsion oil are described below:

» Ultrasonication is used to disperse the cerium exidnoparticle (input 40 PPM)
in the water for 90 minute in the first step.

» Second, the surfactant mixture is produced in #leesmanner as it was adopted
for E15 emulsion fuel.

* Thirdly, the mechanical agitator is used mix thatneiesel (83% by vol.) and
surfactant mixture (2% by vol.) at a constant spee2500 r.p.m for 15 minute.
At the same time, the (cerium oxide nanoparticlepeised in water) mixture
prepared earlier is added by means of metering piimg resultant product yields
the cerium oxide nanoparticle blended water-diesallsion fuel (E15Ce£10).

» The same procedure is adopted for dose level oPB&M) 80PPM which yields
E15CeQ60 and E15Ce&B0 respectively.
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Figure 4.3 Dispersed cerium oxide nanopatrticle in ater

Figure 4.4 Nanoparticle blended emulsion oil

4.3 DETERMINATION OF PROPERTIES OF THE EMULSION OIL
Evaluation of the following properties of the praed emulsion oil is discussed below:

» Calorific value
» Kinematic viscosity
* Fire point

e Carbon residue
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4.4 APPRATUS USED IN ESTIMATION OF PROPERTIES

The following equipments were used for the estioratf the properties of the emulsion
oil.

4.4.1 Bomb calorimeter: The wisdom scientific works make isothermal bomb
calorimeter (Plate 3.4) was used to compute thesgneat of combustion of an emulsion
fuel sample as per IS: 1448[P:6]:1984. A fuel samgil 1ml was ignited in calorimeter’s
bomb in the existence of pure oxygen. The fuel damm@s burned electrically. As the
heat liberated, the increase in temperature wasded. The water equivalent (active heat
potential of the calorimeter) was also evaluatetthw&id of dry and pure benzoic acid as
an analysis fuel. All samples were reworked threees. The equation used for

calculating the gross heat of combustion of emalsibis given below:

Hr = (We * AT)/ Mg 4.1
H¢ = Heat of combustion of the sample fuel, Cal/g

W, = Water equivalent of the calorimeter, C&l/

AT = Rise in temperaturéC

M¢ = Mass of fuel ignited

Figure 4.5 Bomb calorimeter apparatus used for measing calorific value

4.4.2 The redwood viscometerThe redwood viscometer as show in fig 4.6 is fesuly
used for measurement of viscosities of lubricatds. This equipment does not accord a

direct magnitude of viscosity in absolute units liypermits the viscosities of oil to be
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correlated by gauging efflux of 50ml of oil overetistandard orifice of the equipment
under standard requirements as per IS: 1448 [R-2B4:

The procedure to figure out viscosities of emulsidrby using redwood viscometer is as

below:

» Align the instrument with the support of the lemgliscrews on the tripod. Charge
the water bath with water to the height equivaterthe tip of the indicator up to
which the olil is filled in the cylindrical cup.

» Maintain the brass ball in place so as to shutotiifece. Keep the 50 ml flask in
place underneath the jet. Keep the water and f@itedely stirred and record their
temperatures.

 When the temperature of the water and oil are stalide the ball valve and
suspend it from the thermometer bracket. At theeséime start a stop watch.
When the altitude of oil falling into the flask aes the 50 ml mark, stop the
watch and note the time in seconds.

» Return the ball valve in place to seal the cuptop spilling of the oil. Refill the
oil into the indicator tip of the oil cup and repdlae experiment two more time.

Mean of these three readings is calculated,ais Beconds.

The kinematic viscosity was then calculated usimgetunits by using relationships given
by Guthrie (1960) .Mean of these three readingslisulated as fin seconds.

If T< 34

V =0.26* T, — 50/ T 4.2
If Tn>34

V =0.26* Tn-179/ Ty 4.3
Where:

Tm= Mean time in seconds

V = Kinematic viscosity in centistokes.
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Figure 4.6(a) Top View of Viscometer

Figure 4.6(b) Viscometer used for measuring viscadgi
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4.4.3 Pensky Martin (closed) apparatusThe flash and fire point of the fuel samples
were estimated as per IS: 1448. The test fuel wasegg into the oil cup up to the mark.

The apparatus used for determining the flash and paoint is shown in fig 4.7

Figure 4.7 Flash and fire point measurement usingéhsky martin apparatus

The test fuel was stirred at a steady constant fidte equipment is heated so that an
increase in temperature of about 5 t&06per minute occurs when the stirrer is rotating at
approximately 60 R.P.M. The measurement of an as@én temperature is done with the
help of a thermometer of -10 to 40C range. After every PC increase, flame is
launched for a moment with the help of a shuttdre Tlash point was taken as that
minimum temperature at which, on introducing th&t féame into the oil cup a distinct
flash was observed. The fire point was recordethasemperature at which fuel vapor

pick up fire and stays for minimum of five seconds.

4.5 EQUIPMENT USED FOR PERFORMANCE CHARACHTERISTIC OF THE
ENGINE

The engine and engine attachment were used fouauad engine performance and

emissions characteristics of different fuel blenel @&s follows.
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Figure 4.8 Test rig of 4-cylinder,4-stroke diesel igine
4.5.1 Engine

The diesel engine as shown in figure 4.9 is a 1d40Aalti-cylinder, four stroke, liquid

cooled, direct injection engine which was widelgdisn automotive sector

Figure 4.9 Tata make 1400cc, 4-cylinder, 4-strok@®I Engine

Fuel was supplied to the fuel pump by gravity feddpugh the fuel tank and paper

elementfilter. Lubrication was done by forced feed to maimd large end bearings and
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camshaftoush. Other working parts were splash lubricategp8ss filter was used for

cleaning thdubricating oil. The engine was started by elec$tarter motor which draws

the power fronil2V, 45 Amp batteries.

Table 4.1 Engine Specification

1 Engine 4-cylinder, 4-stroke, DI engine

2 Cooling Water-cooled

3 Brand TATA

4 Horse Power 60 H.P

5 Stroke Lengt 79.5mm
Bore Diamete 75 mn

Table 4.2 Value of Constants

Coefficient of discharge 0.64
Cross-sectional area of orifice 0.000551 m
Diameter of orifice 0.0265 m
Density of airat 0 °C 1.293kg m

Dynamometer constant 2000

Density of water 1000 kgfin
Specific heat of water 4.18 kJ/ Kg °C
Acceleration due to gravity 9.8 /s

OINOOTPAWN|F-

4.5.2. Hydraulic Dynamometer

The photograph of hydraulic dynamometer is depigtefigure 4.10. It consists of an
inner rotating member or impeller coupled to outph&ft of the engine. This impeller
rotates in a casing filled with fluid. This outesising, due to centrifugal force tends to
revolve with impeller, but was resisted by a torguen supporting the balance weight.
The frictional force between impeller and the wateis measured by the spring balance
fitted on the casing. The output can be contrdbigdegulating the sluice gates which can
be moved in and out which forms an obstruction tfe flow of water between the

impeller and the casing.
Brake power measured by the hydraulic dynamomstgiven by
B.P=(WxN)=+C 4.4

Where W = weight measured on the dynamometer
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Figure 4.10 Hydraulic dynamometer used to load thengine

N = R.P.M of the engine
C = Dynamometer constant (60x1000 / 2R) 4.5
The arm length (R) is selected in such a way thist&Cwhole number.

4.5.3 Control Panel

The photograph of control panel of diesel engineugeis depicted in figure 4.11. The
control panel was equipped with inlet water tempeeaindicator from engine, outlet
water temperature indicator from engine, inlet watemperature indicator from

calorimeter, outlet water temperature indicatonfrcalorimeter and load indicator.

— —

Figure 4.11 Digital Control Panel
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4.5.4 Fuel and Air consumption measuring arrangemen

The fuel measuring arrangement consists of a &réd of suitable capacity mounted on a
stand. Fuel goes to the engine through 50 ml krethe burette facilitates the

measurement of fuel consumption for a definite quemvith the help of stop watch. The
method used for measuring the consumption of &nasvn as orifice chamber method as
shown in figure 4.12. It consists of an air tigttamber fitted with orifice of known

coefficient of discharge. The orifice was locatedag from suction connection to the
engine. Due to the suction of engine, there wasspre depression in chamber which
causes flow through orifice for obtaining the siefldw, the volume of chamber should

be 500 to 600 times larger than the swept volumé®engine. A rubber diaphragm was
provided to further reduce the pressure pulsatiineas assumed that the intermittent
suction of engine will not affect the air pressurair box due to large volume of air box.

Water manometer was used to measure the pres$iereice

Figure 4.12 Fuel and Air consumption measuring arragement

4.5.5 Hand Tachometer

Hand tachometer was used to measure the R.P.M @rhine as shown in fig 4.13

Figure 4.13 Hand Tachometer
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4.6 PROCEDURE OF EXPERIMENT

The experiment was performed firstly with diesetl dhen with four different blends of
emulsion oil (E15, E15Ce10, E15Ce®@ 60, and E15Cef80). The steps used are

described as below:

» Ensure proper earthlings and electrical connecfionthe equipments.

» Check for water in the water supply tank.

* Ensure minimum 2 liters’ of quantity for the sekxtfuel in the fuel supply tank.

» Fill the manometer with water up to half of thedigiof manometer.

» Diesel fuel was filled in burette with the helpagening the valve provided at the
lower side of burette

* Supply the diesel fuel to the engine by accestiegvalves provided on fuel
supply line.

* Make sure of continuous supply of cold water toghgine jacket.

» Start electric power supply to the control panel

» Start electric supply of power to gas analyzer ammbke meter respectively for
emission measurement

» With the help of an electric start motor, the eegivas started. Then engine is let
to run on no load condition for ten minute so teagine, flue gas analyzer and
smoke meter is get warmed up and stabilized reispct

» After that engine was made to run on desired lo@l the help of an hydraulic
dynamometer. As the load on engine increased fromoad to desired load,
engine R.P.M decreases. For maintaining the desmadtant R.P.M an increase
in fuel supply was made.

» After that run the engine for three minutes so the&n stabilize.

* The R.P.M of engine and reading of load cell wevged with the help of hand
tachometer.

» Then supply valve of diesel was closed and theevahburette was opened. After
that quantity of fuel consumed in 15 seconds wascdcaown. This would be
termed as fuel consumption.

» Diesel supply valve was again opened to refikshbrette.

* As the burette get filled with fuel close the bteetalve and again supply of

diesel was continued by opening valve of diesepsup
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* Manometer reading was noted down to calculate engjinintake.

* The inlet and outlet temperature was noted forewairculating around the
engine jacket, As they get displayed on controlepan

* Temperature of expelled exhaust gases from thmerg displayed on the digital
control panel.

» Measurement of flow rate of water was done withitekp of water meter and stop
watch.

* Note down the reading unburned hydrocarbon, carbonoxide, nitrogen oxides
and smoke opacity with the help of flue gas analyaed smoke meter
respectively.

* Repeat the procedure for loads of 3.8, 6.6, 9.17,113.6, 15.9 kg, keeping the
R.P.M constant by using screw arrangement ranges 12 to 18.

» After making all the records engine was broughtnopload condition and after
that engine is fuelled with diesel for 15 min befdesting another blend for
flushing of fuel line.

* Repeat the experiment for the E15G&@ E15Ce@60, and E15CefB0 blends of
emulsion oil.

* When all records were taken, bring engine to nal loandition and turn off the
engine.

» Stop the water supply to the engine.
4.7 PRECAUTIONS TAKEN DURING EXPERIMENT

» Before turning on the engine all the bolts and anésproperly checked out.

* Itis to be ensured that there is an adequate anufunil present in the engine
before turning it ON

» The engine was checked out continually so thahattitne of power failure, the
supply of cooling water to dynamometer and engiag not be stopped.

» It was ensured that the fuel line and fuel tankenmoperly cleaned.

* The water supply was turned on before startingetiggne.
4.8 MEASUREMENT OF PERFORMANCE

Brake power is one of the most important paramatethe engine experiment. The

hydraulic brake dynamometer was used for presesgsiigation. The fuel consumption
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of an engine was measured by determining the temeired for consumption of given
volume of fuel using a glass burette. The massuef vas calculated by multiplying
volumetric fuel consumption to its density. An box with orifice meter and manometer
was used for accurate volumetric measurement afasumption and finally mass flow
rate was determined. Digital type temperature seifg@rmocouples) was used for

temperature measurement.
4.8.1 Brake power

The part of power developed in the engine cylindersed to overcome the local friction.
The net power output is available at the shaftnigvkn as brake power and it is denoted
by B.P. It depends on speed of engine (R.P.M) haddad. All the readings were taken
at constant R.P.M by varying the load on the englineis, all of the following graphs in
this chapter will be plotted against Brake power.

4.8.2 Brake specific fuel consumption

It is defined as the fuel flow rate per unit powetput. It is a measure of the efficiency of
the engine in using the fuel supplied to producekwti was desirable to have a lower
value of BSFC which means that the engine usedue$so produce the same amount of
work. This is one of the most important parametereompare when testing various

fuels.
4.8.3 Brake thermal efficiency

It is the ratio of the thermal power available he fuel to the power the engine delivers to
the crankshaft. It is the ratio of brake power deped by engine to the heat supplied to
the engine. This greatly depends on the mannehiohathe energy is converted since the

efficiency is normalized with fuel heating value.
4.9 EXHAUST EMISSION ESTIMATION:

The exhaust emission variables were analyzed Wweelp of smoke meter and flue gas
analyzer. The exhaust emission variable with tresgpective test system are given below
in Table 4.3
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Table 4.3 Test Method used for Emission

S.No. | Parameters Test Method

1 Smoke Opacity Neptune

2 Hydrocarbon (ppm) AVL flue gas analyzer
3 Carbon monoxide (ppm) AVL flue gas analyzer
4 Nitrogen oxide (ppn AVL flue gas analyze

4.9.1 Smoke Meter

The Hartridge type smoke meter was used to medkarsmoke density. In this system
the moderation in intensity of light beam whenasges through the smoke was used to
obtain the value of smoke opacity. Neptune OPAX2000X200P -smoke meter
manufactured and marketed by M/S Neptune India Pwt, Gurgaon, was used for
measuring the smoke opacity in the present wosdhasvn in figure 4.14. It measures the
opacity of the polluted air especially for diesehaust gases in a measurement chamber
of well defined measurement length. Opacity isratiive light between the light source
and receiver. The smoke opacity is defined asdlie of electric output from photocell
when sample is passed through the column to thetriel®utput when clean air is passed
through it. The smoke opacity is the extinctioright between light source and receiver.
A light beam was launched across a free-flowing ftust of exhaust gases, a certain

portion of light is absorbed or scattered by thepsmded soot particle in the exhaust.

Figure 4.14 Smoke Meter to measure smoke opacity

The remaining portion of the light falls on a phmth which results in generating a

photoelectric current, which was a measure of snopleeity in Hartridge unit.
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4.9.2 AVL flue gas Analyzer

The measurement of unburned hydrocarbon, carboroxiae and nitrogen oxides were
done with help of exhaust gas analyzer. The AVleflyas analyzer is shown in fig
4.15(a) and 4.15(b)

Figure 4.15(b) Exhaust inlet of AVL flue gas analyer.
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A series of steps to be followed for the exhausiation are mention below:

» At particular load condition, the exhaust outlesvedtached to respective analyzer
and the exhaust gases were passed through analyzer.

» After few minute a stabilized three output readiveye displayed on the screen of
analyzer were noted

* Mean of these three reading was taken for the lzdion purpose.

* Analyzer were removed from the exhaust outlet ef éhgine and brought up to
initial zero reading

» Above mention steps were repeated for differentidoand different fuel blend
respectively.
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CHAPTER 5
RESULTS AND DISCUSSIONS

The fuel consumption and rating test of a 45 k@rfcylinders, and four stroke water
cooled CI engine was also conducted to evaluatpehmrmance of the engine on diesel
and on different blends emulsion oil and nanopiartidended emulsion. The results of

parameters measured and analytical interpretatitim discussion are presented in this
chapter.

Phase I: The fuel properties of prepared emulsion blendeveempared with pure diesel.

Phase I The brake thermal efficiency, fuel consumptiond alorake specific fuel
consumption were measured.

Phase IlI: Engine emission characteristics of different fuehis.
5.1 Fuel Properties Analysis:

5.1.1 Viscosity:

The effect of cerium oxide dose level on the viggas emulsion oil is shown in fig 5.1.
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Figure 5.1 Variation of viscosity with respect to erium oxide dose level
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It was observed that viscosity of emulsion fuelré@ases as the fraction of nanoparticle
increases. Nanoparticles were prone to form agglatae in nanofluid, which results in
higher viscosity. Further increase in the viscositynanoparticle blended emulsion was
due to non-Newtonian behavior of nanofluid whicholsvious for increase in volume
fraction, resulting in higher agglomeration [1].gHer the fuel viscosity higher the power
requirement of pumping and would result in poonaation and low viscosity fluid may
not perform sufficient lubrication of plunger punapd this would result in leakage or
increased wear. So based on the above effect bpfaperties on engine performance an

optimum dosing level should be chosen.
5.1.2 Flash Point

The influence of cerium oxide dose level on flaghinp of emulsion oil is depicted in
figure 5.2. It was observed that flash point of &imn fuel was observed to increase with
respect to dose level. Flash point is an indicawbrthe volatility of fuel. For safe

handling of liquid fuel it should always have higgdue.
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Figure 5.2 Flash point variations with respect to erium oxide dose level
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The increasing trends in flash point were obsemhael to the presence of nanopatrticle,
which allows the change in temperature to stor&iwithe nucleus of nanoparticle. Ajin

et al. also reported increase in flash point offthed with respect to increase in volume
fraction level [2].

5.2 Engine Performance Analysis
5.2.1 Brake Power

The power developed in the engine cylinder is knasrindicated power and the part of
the power developed in the engine cylinder is useavercome the internal friction. The
net power available at the shaft is known as bpakeer. The test was conducted for pure
diesel fuel which was base line fuel and then fiflecent blends of emulsion oil E15,
E15CeQ 40, E15Ce®@60, and E15Ce£B0 samples and the load on engine was varied
from 2.1 to 15.9 Kg. It was observed that brake @owmcreases when the load was
increased for all operations of diesel and emulsibnGenerally, the brake power was

approximately similar at any load for diesel anenols of emulsion oil and diesel.
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Figure 5.3 Variation of brake power with respect toload.
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5.2.2 Fuel Consumption

The test were performed for pure diesel fuel arehtfor different blends of emulsion
E15, E15Ce@10, E15Ce@60, E15Ce@0 sample and the load on engine was varied
from 2.1KW to 13.2KW. Experimentally, it was obsedvthat the fuel consumption
increases when the load was increased for all ipesaof diesel and emulsion blends as

shown in figure 5.4
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Figure 5.4 Variation of fuel consumption with respet to brake power.

It was also observed that fuel consumption decseagen nanoparticle volume fraction
in the emulsion blend was increased for any givel Also for E15 blend, the increase
in fuel consumption was more than that of othentiéeand diesel operations at higher
load conditions. This was due to the higher vidgosnd lower calorific value of B15 as
compared to other blends and conventional Diesel fli)]. At full load operation
maximum power of the engine was produced that nbigtier amount of fuel energy and
due to lower energy content of E15 as compare@hwentional diesel and other blends,
fuel consumption increases for E5 as compareddsetliand the other blends at higher
loads. Nanoparticle blended emulsion were founigetamprove with the increase in their
calorific value due to presence of cerium oxideapanticle which acts as oxygen buffer,
thereby making the engine to consume less fuel eoaapto E15 to overcome identical

load
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5.2.3 Brake Thermal Efficiency:

The Brake thermal efficiency is defined as theorafi work output at the engine shaft to
the energy supplied by fuel. It is a measure ofaihigine’s ability to make efficient use of
fuel. The brake thermal efficiency for differenehbtls of fuel and that of conventional

diesel at different load is reported in figure 5.5.
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Figure 5.5 Variation of brake thermal efficiency wih respect to brake power.

The test was conducted for pure diesel fuel whichase line fuel and then for different
blends of emulsion oil E15, E15Ce@0, E15Ce®@60, and E15Ce£B0 samples and the

load on engine was varied from 2.1KW to 13.2KWw#s observed that brake thermal
efficiency increases when the load was increasedlfoperations of diesel and emulsion
oil blend. On comparing all fuel blends, it was elvgd that the brake thermal efficiency
of cerium oxide nanoparticle blended water in diesmulsion fuel is higher among

different fuel blends as the load increases. Thidue to the cerium oxide nanoparticle
encapsulation in water molecule which offers theosdary atomization immediate after

the primary micro explosion phenomenon of emul$iat as shown in fig.5.6
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Figure 5.6 Atomization phenomenon of nanoparticle lended fuel [3]

As the atomization takes place nanoparticle offgh Isurface area to volume ratio which
leads to catalytic combustion resulting in an iasexl thermal efficiency. However, at
low load heat is transferred to cylinder wall réiswgj in lower thermal efficiency in case
of water-diesel emulsion but it increase as thecentration of nanoparticle increases in
the water-diesel emulsion over the entire load ean full load, variation of brake

thermal efficiency of all fuel blends is classifiedtable 5.1

Table 5.1
Brake thermal efficiency (%) at full load condition
D 34.11
E15 35.13
E15Ce(;4C 35.6¢
E15Ce(;6C 35.82
E15CeQ80 36.24

5.2.4 Brake Specific Fuel Consumption.

The brake specific fuel consumption is definedhesftiel consumed by engine in kg for
per KW per hour. The brake specific fuel consumpfiar different blends of emulsion
fuel and that of conventional diesel at differevdd is reported in figure 5.7. The test was
conducted for pure diesel fuel which was base flie and then for different blends of
emulsion oil E15, E15Ce10, E15Ce®60, and E15CefB0 samples and the load on
engine was varied from 2.1 kW to 13.2 kW. It wasartved experimentally that the brake
specific fuel consumption decreases when the loas mcreased for all operations of
diesel and emulsion oil. The higher brake spedifégd consumption was observed for E15
among all the fuel blends.
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Figure 5.7 Variation of brake specific fuel consumpon with respect to brake power.

This is due to the presence of water which resultswer calorific value of E15 [4]. But
the improvement was observed with nanoparticle dddnemulsion in their respective
concentration. As the concentration was increasexkeb specific fuel consumption
decrease. This is due to the shortening of ignitielay characteristics of nanopatrticle by
virtue of enhanced surface area to volume ratie. [dlver specific fuel consumption was
observed for E15Ce0. Result of all fuel blends at high load was feglin table 5.2

Table 5.2
Brake specific fueconsumptio (Kg/kW-hr) at full load conditio
D 0.243
E15 0.260
E15CeQ40 0.247
E15CeQ60 0.242
E15CeQ80 0.232

5.3 Exhaust emission analysis
5.3.1 Unburned Hydrocarbon (HC)

The variation of unburned hydrocarbon emission wébpect to brake power for pure
diesel fuel, which is base line fuel and then fdfedent blends of emulsion oil E15,
E15CeQ 40, E15Ce@60, and E15Ce980 samples is shown in figure 5.8. It was

observed that E15 emulsion fuel produces large matgof unburned hydrocarbon due
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to incomplete combustion. It was due to the presefovater and longer ignition delay
of the fuel. Though, it was observed to be redunemagnitude in case of cerium oxide
nanoparticle blended water-diesel emulsion. It wlas to presence of cerium oxide
nanoparticle which acts as oxygen buffer and presahe complete combustion.
Moreover, cerium oxide gets converted to cerousl®xiCeOs) by supplying enough

oxygen for reduction of hydrocarbon as well asskot.
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Figure 5.8 Variation of unburned hydrocarbon with respect to brake power

The magnitude of hydrocarbon at full load for diéfet fuel blends is listed in table 5.3

Table 5.3
Hydrocarbon (ppm) at full load condition
D 80
E1lt 88
E15Ce(4C 79
E15CeQ60 74
E15CeQ80 65
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5.3.2 Carbon Monoxide (CO)

Carbon monoxide highly relies upon the air-to-fuetoportions comparative to
stoichiometric ratio. In most cases Cl engine fiomctvith lean mixture and thus results
in lower CO emission. The variation of CO emissigith respect to brake power is
shown in fig 5.9. It was observed that CO emissionase of cerium oxide nanopatrticle
blended emulsion oil was marginally improved due the secondary atomization
produced by emulsion fuel, reduces the air requar@nfor emulsion blend due to
presence of nanoparticle causes rapid evaporatichwesults in rapid mixing of water
molecule inside diesel droplets thus reducing theeguirement which in turn results in
less conversion of unburned carbon molecule to arartmonoxide. However, the
magnitude of CO emission was high for E15 due twgéw ignition delay and lower
calorific value. The CO emission was observed wrekse at all loads respective of dose

level of cerium oxide nanoparticle, but at high doeatalytic activity was not that

prominent.
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Figure 5.9 Variation of carbon monoxide with respetto brake power

The variation of CO with respect to brake powdudtioad was tabulated in table 5.4
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Table 5.4

Carbon monoxide (% vol.) at full load condition
D 0.37
E15 0.40
E15CeQ40 0.28
E15Ce(;6C 0.2¢
E15Ce(,8C 0.2¢

5.3.3 Nitrogen Oxide (NQ)

The response of NOx emission with respect to brakel for various fuel blends is
depicted in fig. 5.10. It was observed that thesefdir reduction in NQ emission
magnitude of E15 emulsion oil. This was due to watesent in emulsion oil takes heat
which is present inside cylinder to evaporate whichurn results in lowering of flame
temperature. There was further reduction iny,@ission magnitude was found to occur

in case nanoparticle blended emulsion fuel.
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Figure 5.10 Variation of nitrogen oxide with respetto brake power

This was due to shortening of ignition delay andath&ansport characteristic of

nanoparticle by offering high surface area to vauratio, which results in rapid heat
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transport from flame to water and bring the tempeeinside the cylinder down. The
observed magnitude at full load for different fok#nds is tabulated in table 5.5

Table 5.5
Nitrogen oxide as Ny (ppm) at full load conditio
D 122¢
E15 917
E15CeQ40 904
E15CeQ60 865
E15CeQ80 814

5.3.4 Smoke opacity

The Smoke opacity for different blends of fuel d@hdt of conventional diesel at different
load is reported in figure 5.11. The test was caietlifor pure diesel fuel which was base
line fuel and then for different blends of E15, EE&) 40, E15Ce®60, and E15Ce£80
samples and the load on engine was varied from\&.1&K13.2KW. It was observed that
smoke opacity increases for all blends as the ina@ased. Diesel fuel show the higher
magnitude of smoke opacity over the entire loadjeaBut the smoke opacity in case of
E15 was found to reduce due to micro-explosion wiulsion fuel improving the
evaporation of fuel which results in an improvemannixing with air.
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Figure 5.11 Variation of smoke opacity with respecto brake load.

The cerium oxide nanoparticle blended emulsion &edws the same trends with a

further reduction in smoke opacity. This due totf#tat nanoparticle encapsulation
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improves the evaporation rate which in turn resmtsnuch better mixing. At full load,
the smoke opacity for various blends is shown Iitet®.6

Table 5.6
Smoke Opacit, HSU (%) at full load conditio
D 72
E15 49
E15CeQ40 48
E15CeQ60 46
E15CeQ80 43
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CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1 CONCLUSION

Present study focus on the influence of cerium @xidse level on water-diesel emulsion
fuels performance and emission characteristics wdtearged in compression ignition

engine.
Based on the results of present work, followingatasion can be drawn:
6.1.1 Fuel Properties:

» The viscosity and flash point holds direct relatiordose level. It was found that
both viscosity and flash point increase with theré@ase in concentration level of
cerium oxide nanoparticle

6.1.2 Engine PerformanceAll conclusions were summarized at full load coiwitfrom
experiments.

* Nearly 1% improvement was observed in brake theeffaiency for E15 and it
was further found to improve up to 2% by varyingeédevel in range of 40 to 80
ppm as compared to base line fuel diesel.

* The minimum specific fuel consumption was obseri@dE15CeQ 80 which is
0.232 Kg/kW-hr where it is for diesel, E15 were 422Kg/kW-hr and 0.260
Kag/kW-hr respectively.

6.1.3 Emission ParametersAll conclusions were summarized at full load caiwdi

from experiments

* The magnitude of NOx emission for diesel, E15, EA640, E15Ce®60, and
E15CeQ 80 observed were 1126 ppm, 917 ppm, 904 ppm, 865 gpd 814
respectively. The magnitude of NOx emission was/few in case of cerium
oxide nanoparticle blended emulsion as comparelitsel and E15

* The unburned hydrocarbon and smoke opacity wasdfdanlower in case of

cerium oxide nanoparticle blended emulsion as coetpt diesel and E15.
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* There was marginal improvement in reduction of oarmonoxide emission for

cerium oxide nanoparticle blended emulsion as coetpen neat diesel and E15
6.2 FUTURE SCOPE

* The long term stability of blends was not studied ¢here is scope for study of
long term stability of blends.

» The performance and durability and performancengfiree was tested for small
time period so there is scope to evaluate the dilyalof the engine with
prolonged operation on these blends.

* There is scope for research on compatibility of amaaterial how these fuel
blends to overcome the emission regulation.

* Further investigation can be carried out to stindyeffect of the parameters such
as water content, surfactant concentration, agitaspeed etc. Nanoparticle
recovery and its impact on fuel properties

» Performance and emission tests can be carriednooiuiti-cylinder turbocharged
generator engines and surface transportation endiike tractor, car, jeep, bus,
trucks etc.

* Environmental studies can be made to reveal a ptalire on impact of using
nanoparticle blended fuels.

* A detailed long-term endurance test can be caaigdo study physical condition
of various surfaces reflecting extent of wear amdbon depositions due to
difference in performance of the different fuelsdato conduct through

tribological investigations
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A. Nanoparticle

Table A.1 Cerium oxide nanopatrticle specification

Purity 99.97%
Average patrticle size 10-30 nm
Specific surface area 30-50 ni/g
Bulk density 0.8—-1.1g/cm
True Density 7.132 g/cm
Color Light yellow

B. Fuel Properties

Table B.1 Fuel properties of different emulsion’s i compared to diesel

S. No Properties D E15 E15C40 E15C60 E15C80
1 Density, g/cc | 0-8402| 0.8610 0.8614 | 0.8617 0.8621
o | Viscosity @40°C, | 2.4 4.7 4.76 4.79 4.82
mm*/sec
3 Flash Point, °C 55 67 68 70 73
4 Ca'o};'g'fK‘éa'“e’ 43470 | 38919.12| 40827.10 41520.20 42842.92
C. Experimental Data of Engine Performance Test
Table C.1 Performance test observations on dieseld| ‘D’
S. No. 1 2 4 5 6 7
Load, kg 2.55 3.87 6.63 9.1 11.7 13.6 15.9
RPM 1650 1650 1650 1650 1650 1650 1650
Fuel Consumption, ml 6.1 7.1 9.1 10.8)] 12.7 14.1 157
Time, sec 15 15 15 15 15 15 15
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Table C.2 Test results of engine performance on diel fuel ‘D’

S.No 1 3 4 6 7
Brake i‘wer’ BP) | 21 | 32 55 | 75| 97| 113 132
Fuel C}‘zgfh”rmp“on’ 124 | 143 | 185| 218 257 285 318
Brake Specific Fuel
Consumption, > c A
(BSFC) 0.588 | 0.447 0.336 0.292 0.26p 0.2%3 0.243
Kg/ KW -hr
Brake Thermal 14.02| 1853 | 24.47 2845 3118 32.76 34|11
Efficiency, %
Table C.3 Performance test observations on ‘E15’
S. No 1 2 3 4 5 6 7
Load, kg 2.55 3.87 6.63 9.1 11.7 13p 15.9
RPM 1650 1650 1650 1650 1650 1650 1650
Fuel Consumption, ml 6.8 8.1 10.6 11.6 13.6 150 165
Time, sec 15 15 15 15 15 15 15
Table C.4 Results of engine performance test on ‘B1blend
S. No 1 2 3 4 5 6 7
Brake Power, (BP)
2.1 3.2 5.5 7.5 9.7 11.3 13.2
KW
Fuel Consumption,
1.410| 1.660| 2.200 2.41p 2.824 3.102 3.4p2
Ka/hr
Brake Specific Fuel
Consumption, (BSFC)| 0.670| 0.519| 0.402 0.322 0.292 0.275 0.260
Kg/ KW -hr
Brake Thermal
o 13.47| 17.32| 2244 2870 31.11 33.61 35.[13
Efficiency, %
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Table C.5 Performance test observations on ‘E15Ce@0’ blend.

S. No 1 2 3 4 5 6 7
Load, kg 2.55 3.87 6.63 9.1 11.7 136 159
RPM 1650 | 1650 1650 1650 1650 1650 1650
Fuel Consumption, ml 6.6 7.7 10.2 111 13.4 142 15)7
Time, sec 15 15 15 15 15 15 15

Table C.6 Results of engine performance test on ‘BCe(40’ blend.

S. No 1 2 3 4 5 6 7
Brake 'Tg/‘\’/"er’ (BP) | 21 | 32| 55 75 97| 113  13.
Fuel Cl‘zglsh“rmption’ 1362 | 1.598| 21200 2290 2680 2930 3.347
Brake Specific Fuel
Consumption, i
(BSFO) 0.647 | 0.500| 0.387] 0.306 0.277 0.260 0.247
Kg/ KW -hr
Brake Thermal 13.60 | 17.60| 22.74 28.81 31.90 33.91 35|65
Efficiency, %

Table C.7 Performance test observations on ‘E15CeB0’ blend.

S. No 1 2 3 4 5 6 7
Load, kg 2.55 3.87 6.63 9.1 11.y 136 15(9
RPM 1650 1650 1650, 1650 165 1650 1650
Fuel Consumption, mi 6.3 7.5 9.8 10.8 12.7 138 154
Time, sec 15 15 15 15 15 15 15

Table C.8 Results of engine performance test on ‘BECe0,60’ blend.

S. No 1 3 4 6 7

Brake T(?,‘(lver’ BP) | 51 | 32 5.5 75| 97| 113 132
Fuel Cl‘zglsh“rmp“on' 1.320| 1.550| 2.028] 2251 2.623 2.870 3.178

Brake Specific Fuel
Consumption, (BSFC)| 0.628 | 0.484| 0371 0.300 0.271 0.258 0.242
Kg/ KW -hr
Brake Thermal 13.81| 17.88| 23.38| 28.86 32.0 34.04 3582
Efficiency, %
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Table C.9 Performance test observations on ‘E15Ce80’ blend.

S.No 1 2 3 4 5 6 7
Load, kg 255 | 387 | 663| 91| 117 13/6 159
RPM 1650 | 1650 | 1650| 1650 1650 1650 1650
Fuel Consumption, ml | 6.07 | 7.03 | 9.04| 10§ 122 132 147
Time, sec 15 15 15 15 15 15 15
Table C.10 Results of engine performance test on 15CeQ80’ blend.
S. No 1 2 3 4 5 6 7
Brake T(‘i/‘(/"er’ BPY 1 21| 32| 55| 75| 97| 113 134
Fuel C}gglsh“rmptio”' 1.257| 1.456| 1.872 2177 2530 2.757 3.044
Brake Specific Fuel
Consumption, (BSFC) | 0.597| 0.455| 0.342 0.290 0.261 0.244 0.232
Kg/ KW -hr
Bé?ft‘(i;tim;j" 14.06| 18.09| 2455 2891 3216 3484 3624
D. Emission analysis
Table D.1 Result of Unburned hydrocarbon (PPM) emision
Bralzlfvs)ower D E15 E15CeQ40 | E15CeQ60 | E15CeQ80
2.1 20 25 22 19 17
3.2 25 33 30 26 20
55 30 42 35 32 28
75 38 52 45 41 39
9.7 48 63 53 47 40
11.3 62 74 63 58 50
13.2 80 88 80 74 65
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Table D.2 Result of carbon monoxide (vol. %) emissn

Brake Power

) D E15 E15CeQ40 | E15CeQ60 | E15CeQ80
2.10 0.14 0.19 0.18 0.17 0.15
3.20 0.19 0.25 0.23 0.21 0.2
5.47 0.25 0.29 0.26 0.23 0.23
7.49 0.28 03 0.27 0.27 0.25
9.68 0.3 0.31 0.29 0.28 0.26
11.27 0.33 0.35 0.3 0.3 0.27
132 0.37 0.4 0.28 0.26 0.26

Table D.3 Result of Nitrogen oxides (PPM) emission
Bralzlfvs;’wer D E15 E15CeQ40 | E15CeQ60 | E15CeQ80
210 274 171 168 166 162
3.20 411 210 205 192 196
5.47 549 407 402 385 390
7.49 720 588 578 556 527
9.68 890 789 750 733 724
11.27 1152 870 861 814 749
132 1226 917 904 865 814
Table D.4 Result of smoke opacity (HSU %) emission
Bralzlfvs;’wer D E15 E15CeQ40 | E15CeQ60 | E15CeQ80
210 33 24 23 22 22
3.20 39 34 33 32 30
5.47 50 39 36 36 34
7.49 58 44 40 38 36
9.68 62 46 42 41 39
11.27 68 55 51 50 46
132 72 49 48 46 43
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