A
Dissertation Report
On

Experimental studies on stationary single cylindecCl
engine operated on Jatropha-Diesel blended fuel vint
Antioxidant to

minimize NOx emissions

Submitted in Partial Fulfillment of the Requirem&fdr the Award of Degree of
Master of Technology
In
Thermal Engineering
By
DIGAMBAR SINGH
2015PTE5046

Under the supervision of

Prof. S.L. SONI

DEPARTMENT OF MECHANICAL ENGINEERING
MALAVIYA NATIONAL INSTITUTE OF TECHNOLOGY,
JAIPUR
June 2017



=

M.,

FEMALI S,
ULy, ‘\v N

A 3

DEPARTMENT OF MECHANICAL ENGINEERIN(C
JAIPUR (RAJASTHAN)-302017
MALAVIYA NATIONAL INSTITUTE OF TECHNOLOGY

CERTIFICATE

This is certified that the dissertation report #edi“E xperimental studies on stationary

single cylinder Cl engine operated on Jatroph-Dieselblended fuel with Antioxidant
to minimize NOx emissiors” prepared byDigambar Singh(ID-2015PTE504), in the
partial fulfillment of the award of the DegreMaster of Technolog\ in Thermal
Engineering of Malaviya National Institute of Technology Jaipsira record of bor fide
research work carried out by him under my supewvisand is hereby approveor
submission. The contents of this dissertation wamnkfull or in parts, have not bet

submitted to any other Institute or University foe award of any degree or diploi

Date: Prof. S.L. Soni
Departmerdf Mechanical Engineerir
Place: MNIT, Jaipur, India



Fryy

al 'E'.o\q‘\?\
1‘-

-\
=i, dJE
.~ 9

&

I f
i

. * MALA, ™

i DEPARTMENT OF MECHANICAL ENGINEERING
2= g5/ MALAVIYA NATIONAL INSTITUTE OF TECHNOLOGY
JAIPUR (RAJASTHAN)-302017

DECLARATION

| Digambar Singh hereby declare that the dissertation enti“Experimental

studies on stationarysingle cylinder Cl engine operated on Jatroph-Diesel blended
fuel with Antioxidant to minimize NOx emissions”being submitted by me in parti
fulfillment of the degree oM. Tech (Thermal Engineering)is a research work carrie
out by me under the supervisionProf. S. L. Soniand the contents of this dissertat
work, in full or in parts, have not been submittedany other Institute or University fi
the award of any egree or diploma. | also certify that no part a ttissertation worl
has been copied or borrowed from anyone else. da aay type of plagiarism is fou

out, | will be solely and completely responsible ifo

Date: Digambar Sing
M.Teh.(Therme Engg.)
Place: 2015PTES04



ACKNOWLEDGEMENT

| would like to express my sincere gratitude Roof. S.L. Soni for his invaluable

guidance, advice and their commitment in providimg with the guidance. He provided
constant encouragement and unceasing enthusiasmest stage of the dissertation
work. | am very much thankful to him for his gengtg and extending maximum

possible help whenever required.

| am extremely thankful t@rof. Dilip Sharma, Department of Mechanical Engineering,

for his constant support and elucidating my dowdlotsng my research work.

| also express my indebtedness Rwof. G.S. Dangayach Head of Mechanical

Engineering department, MNIT, Jaipur for providimg all possible support.

| want to express my deepest gratitudeDto G.D. Agrawal, Dr. Nirupam Rohatagi
and Prof. Jyotirmay Mathur for showing me right direction during the project.

| am also thankful to technical stafir. Pushpendra Sharma, Mr. Ramesh Chand
Meena, Mr. Kolahal Prasad and Mr. Mahaveer, Mechanical Engineering lab to

provide all kind of help during my dissertation \kor

| would like to thank my friendSwaraj Das, Chandrapal Singh Inda, Ankit Goyal,
Mitesh Varshney, Karan Yadav, C.P. ChandrashekharGautam Saini and Ankur

Agrawal for their sincere help and moral support during th&emtork.

| am also immensely grateful tdr. Animesh K. Srivastava, Mr. Amit Jhalani, Vinit
Sharma and Deepika Kumarifor their sincere help and moral support duringrent

work.

Lastly, but not least | thank one and all who haedped me directly or indirectly in

completion of the dissertation work.

(Digambar Singh)



ABSTRACT

Biodiesel- diesel fuel made from animal or vegetatlaterials. Vehicle using biodiesel
emit fewer pollutants as compared to diesel fugbdisel it is a renewable fuel,
composed by fatty acid methyl (or ethyl) estersdprced by trans-esterification reaction
between vegetable oils or animal fats and methésrokthanol). Vegetable oils can be
used as alternative fuel in diesel engine. Wheretadge oils are directly used as a fuel it
is referred to as straight vegetable oils. Straigbgetable oils (SVO) have cleaner
combustion properties as compared to diesel fl@elgo for SVO it reduced PM, CO
and HC emissions but NOx emission slightly increaggh SVO as compared with

diesel fuel.

Use of antioxidant is one of the best methods tlmee formation of NOx. Objective of
this paper is experimental study on stationarylsimglinder Cl engine of 3.5kW rated
power, operated on Jatropha-Diesel blended fudl arntioxidant p-phenylenediamine to
minimize NOx emission. Use of antioxidant is one tbé best techniques. When
antioxidant is used it donates an electron or hyelnoatom to free radical to inhibit
oxidative process that is the main cause of NOxné&tion. Antioxidant works by

reducing the concentration of reactive radicalglatmg the transition metal catalyst,

scavenging the initiating radicals and chain bnegkeactions.

This report contains study of the effect of antiaxt of various concentrations on
emission of engine which works on various load eanith different concentration of
antioxidant (0.005%, 0.015%, 0.025%, 0.035% andb%.(by mass) NOx emission
reduces for different loading condition and but €iuns of HC and CO were found
slightly increased. Maximum NOXx emissions reductiees found with 10% blend and

with the concentration of 0.025% by mass of antiaxi.
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Chapter 1

Introduction

The way towards energy sustainability includes gradual adoption of available
technologies, practices and policies which willfifulhe energy needs of the present
population without compromising the ability of fuéugenerations to meet their energy
demands. All countries are working to make thenesknergy sustainable as energy is
the basic entity for human to survive. A developaayntry like India, which has very
large population, requires energy for its overal/elopment. India is striving hard to
solve problems related to energy such as energplysugecurity, emission control,
economy and conservation of energy in the courttty@enerally, energy is consumed in
agriculture, Industrial, transportation, residelngiectors by a country for its development.
In India, transport sector shares a high percertge overall energy consumption.

The emerging transport sector raises a big alamtdatinuously depleting fossil fuels
and increasing harmful emissions coming from thieicles. The number of vehicles is
increasing day by day which is offering a soundtgbuation to the degradation of quality
of air in urban realms as well as at global le@ling to high power density Internal
Combustion Engines are extensively used in tramspon and as a stationary power
source. Continuously depleting petroleum reservad prevailing rigorous emission
norms have stimulated the researchers to evolve iastibate alternative fuels for
automobiles with a thought of diminishing global isgions and lessening the

consumption of fuels such as petrol and diesel.
1.1 Background

India is a developing country which has an incmegdirend of crude oil production.
India’s crude oil production was 772.08 Thousand@&ager Day in 2013[19]. Crude oil
is a mixture of hydrocarbons which occurs in ligsidte in natural underground reserves.
It is passed through surface separating facilitsl remained in liquid phase at
atmospheric pressure after passing that. Depengliog the characteristic, Crude oil may
also consists of small amounts of hydrocarbons kvbiccur in gaseous state in natural
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underground reserves but liquid at atmospheric spres small amounts of non-
hydrocarbons (sulphur and various metals) prodwaéd the oil, Drip gases, and liquid
hydrocarbons produced from tar sands, oil sandsorgte, and oil shale. Crude oil is
treated to get an extensive array of petroleum ymtsd which includes heating oil’s,
petrol, diesel, jet fuels, asphalt, lubricants,aet propane, and butane and many other
products which are used for their energy or chehtoatent. Appendix A shows crude
oil production data of India from 1980 to 2013.
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Figure 1.1 India’s crude oil production by year][19

India’s crude oil consumption was having an inareg@drend which had a value of
3509.00 Thousand Barrels per day in 2013[20]s ttlear from the data that there was a
difference in Production and consumption of crudes® crude oil was also imported in
that era and which is continue to happen now dAgsthe data reveals, India heavily
relies on crude oil imports in which petroleum aud accounting for about 34% of the
total inward shipments. India imports 80% of it a@mand. Presently, Saudi Arabia is
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the biggest supplier of crude oil to India. Afteausli Arabia, India imports maximum

crude oil from Iraqg, Nigeria, Venezuela and Iraspectively. In 2010-11, Iran was the
2" largest crude oil supplier tie India, after Safdhbia. India reduced its purchase from
Iran in 2012-13 because western countries imposections on Iran. After that India had
limited its crude oil supplies from Iran. Appenddxshows crude oil consumption data of
India from 1980 to 2013.
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Figure 1.2 India’s crude oil consumption by yeds][2

1.2 Alternate Fuels

Alternate fuels are those which are substantiatiy-petroleum and produce energy
security and significant environmental benefitseftative fuels that are used in engines

for fueling are:




1.2.1 Alcohol

Although conventional fuels are the dominating ggaesources for the present modern
era, alcohol is a fuel which has been used throuighistory. The four aliphatic alcohols
(methanol, ethanol, propanol and butanol) are edginterest as alternate fuels because
they can be produced biologically or chemically &melr characteristics allow them to be
deployed in presently working engines [18]. Alufoalcohols have high octane rating
due to which fuel efficiency increases and it afisihe lower energy density of alcohol
fuels to a great extent. So their fuel economyamarable in terms of distance per
volume metrics (kilometres per litre, or miles gatlon).

Methanol and ethanol can be synthesized from fdasils, biomass, or from carbon
dioxide (CQ) and water (HO). Generally, ethanol has been produced by feratient of

sugars and methanol has been produced by syntiasis
a) Fuel Economy and Performance

A litre of gasoline contains more energy than eeliof ethanol. Due to this is fuel
economy is lower for ethanol. Energy difference antovaries according to the

composition of the blend.
b) Emissions

The carbon dioxide (C£) is generated when ethanol is burned and thisnspensated
by the carbon dioxide (C{pcaptured when the crops are grown to make eth@mthe
other hand, petroleum is formed from plants thawgmillions of years ago. On a life
cycle analysis basis, GHG emissions are reducedverage by 40% with corn-based
ethanol produced from dry mills, and up to 108%ceflulosic feed stocks are used,

compared with gasoline production and use [18].
1.2.2 Biodiesel

Biodiesel is a renewable fuel which can be domalyigproduced from vegetable oils
and animal fats. Physical properties of biodieselsamilar to petroleum diesel but it is a

clean burning fuel in comparison to diesel.
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a) Fuel Economy and Performance

Biodiesel has low calorific value in comparison petroleum diesel owing to this
biodiesel has less efficiency and power in compari® diesel engine. Fuel consumption
is also higher as compared to conventional fuel diesel. Biodiesel enhances fuel
lubricity and increases the cetane number of tleé twubricant of the fuel is required in

diesel engine to keep moving parts from wearingnaterrely [18].

Table 1.1 CV and Cetane number for Palm oil Bicglie3atropha Biodiesel and Diesel
[27]

Sr. No. | Fuel Calorific Value (kJ/kg) Cetane Number
1. Palm Qil Biodiesel 36764 61.5

2. Jatropha Oil Biodiesel 39340 58.4

3. Diesel 43400 51.5

Generally, engine power will drop with the increa$&ontent of biodiesel. For example,
Carraretto et al. found that by increasing biodigsecentage in its blends with diesel
resulting in a slight drop in both power and torgueer the entire range of speed for
different blends (B20, B30, B50, B70, B80 and B10@0)biodiesel in a 6-cylinder DI

diesel engine. Aydin et al. found that the torquasweduced with the increase in
CSOME (cottonseed oil methyl ester) in the bler8is, (B20, B50, B75 and B100). It
was owing to lower heating value and higher vidggosif CSOME. Murillo et al.

reported, by increasing the amount of biodies¢hefuel, it dwindled engine power on a

single-cylinder, four-stroke, DI and NA diesel emgi22].
b) Emissions

Using biodiesel in diesel engine reduces PM, HC @ademissions significantly and it
accompanies with an increase in N@mission as compared to conventional diesel
engines with no or fewer modification. And it heipsreducing carbon deposit and wear

of main engine parts. Hence biodiesel with smatiteot in place of petroleum diesel can

5



help in maintaining air pollution at low level am@sing the pressure on conventional

resources without significantly effecting engineveo and economy [24] [25].

Biodiesel lessens greenhouse gas (GHG) emissiaasibe carbon dioxide released from
the combustion of biodiesel is compensated by thdoan dioxide absorbed while
growing the feedstock. Use B100 reduces carbonidBofCQ) emissions by more than
75% in comparison with conventional diesel. Using0Beduces carbon dioxide (€O
emissions by 15% [35].

1.2.3. LPG (Liquefied Petroleum Gas)

LPG is a mixture of many gases which are havingyiagr proportions. Major
constituents of LPG are propanesffg) and butane (§4:0) with minor amounts of
propane (@Hs), various butanes (Eg), iso-butane, and small amounts of ethangi(C
[27].

a) Fuel Economy and Performance

LPG (Liquefied Petroleum Gas) at primary infrastaue sites costs less per litre than
petrol. It provides a comparable driving range amparison to conventional fuel. LPG
(Liguefied Petroleum Gas) has a higher octanegdtian petrol and provides potentially

more hp (horsepower) but it has resulted in lowel €conomy.

It has low carbon and low oil contamination chagastics which resulted in improved
engine life in comparison to conventional petrajiees. The fuel and air mixture in case
of LPG is completely gaseous which reduces the stdat problem that is generally
linked with liquid fuels [33] [35].

b) Emissions

LPG in comparison with vehicles fuelled by convenél diesel and gasoline generates
lower amounts of detrimental air pollutants andegif®use gases (GHG). Emission

mainly depends on vehicle type, drive cycle, angirencalibration.




1.2.4 Natural Gas

Natural gas is a domestically produced gaseous fues readily available through
the utility infrastructure and it is a clean-bumialternative fuel. It should be compressed

or liquefied for use in vehicles.
a) Fuel Economy and Performance

Natural gas vehicles (NGVs) are nearly similar &ir@l vehicles in terms of power,
acceleration, and cruising speed. The driving raofyé&atural gas based vehicles is
generally less than that of gasoline. It is becdnysesing natural gas, less amount energy
content can be stored in the same size tank asarechpo gasoline. Additional natural
gas storage tanks or by using LNG (Liquefied Ndt@as) increase in the range can be

obtained.

It can be used with higher compression ratio amést high octane rating which results in
a smoother engine operation as compared to cowwvemtigasoline. In heavy-duty

vehicles, dual-fuel, compression-ignited or Cl eegi are slightly more fuel-efficient

than spark-ignited (SI) dedicated natural gas ewjirGenerally a dual-fuel engine
increases the complexity of the fuel-storage sysdsnit requires storage of two types of
fuel [29].

b) Emissions

Natural gas has low emission as compared to comvehtfuel. According to Argonne
National Laboratory’'s Greenhouse Gases, Regulatedsdtons, and Energy Use in
Transportation (GREET) model, light-duty vehicleBigh are running on natural gas can
decrease life cycle greenhouse gas emissions (BM6% to 11%. Besides that vehicles
use CNG produce no evaporative emissions becausg fG&l systems are completely
sealed in those vehicles [29] [33] [35].

1.2.5 Hydrogen

Hydrogen can be obtained from many sources; masimamn is the water splitting or
electrolysis. Electrolysis requires electricitysialit the water, electricity can be generated
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from fossil fuels, coal, natural gas, biomass, rsth@rmal techniques, exhaust gas of
engine, nuclear fuels and other renewable eneignigues like Solar PV, hydro, wind
energy. Trapping Sunlight for generating electyiédr electrolysis is gaining popularity.
Capturing solar energy is well suitable for cowssgriike India. This also leads to a

prominent green fuel.
a) Fuel Economy and Performance

Hydrogen is in gaseous state that reduces coldirgtaoperation. It has following

properties-

a) Lower minimum ignition energy

b) Higher burning rate

c) Higher diffusivity

d) Higher heating value

e) Higher octane number

f) Wider flammability range (4-75%) and ability tolerate diluents delivers higher
overall engine efficiencies when drawn with dieaetl gasoline engines, this makes its
use especially in high speed engines. It operateteaner air-fuel mixtures than
theoretical stoichiometric amount which improve® ttuel economy of the system.
Hydrogen has high Research octane number whichsrtakehydrogen powered engines
less susceptible to knocks as compared to petgihes. It is having high auto ignition
temperature (585 °C) so for gasoline engines whrehrunning on pure hydrogen, a gas
mixer and gas injector may be employed to introdtle fuel into the combustion
chamber and ignited by spark plugs. As Hydrogenhaving high auto-ignition
temperature so in diesel engines, it requires @t fuilel (diesel 10 -30%) to be injected
[29].

b) Emissions

Hydrogen has chemical and physical properties winakes it a good substitute for
Petrol (SI) and diesel (CI) in IC engines. It islean fuel and doesn’t emit hydrocarbons
(HC), carbon monoxide (CO), carbon dioxide Gsulphur oxides, volatile organic

compounds and particulate matter (PM) becausesinbacarbon content which is related

8



to most fossil fuels. Hydrogen-powered fuel cekadlic vehicles emit no detrimental
substances. They have only water,@) and warm air as emission. In engines little
amounts of hydrocarbons and carbon oxides may bmefib due to combustion of
lubricating oils [33] [35].

1.3 Straight Vegetable oils

Straight vegetable oils contains no petroleum, ibean be blended at any level with
petroleum diesel to create a blend. It can be usedmpression-ignition (diesel) engines
with little or no modificationsSVO can be used as a pure fuel or blended witloleeim

in any percentage. B20 (a blend of 20 percent lymre SVO with 80 percent by volume
petroleum diesel) has demonstrated significantrenuiental benefits.

Biodiesel is registered as a fuel and fuel additidh the EPA and meets clean diesel
standards established by the California Air ResesiiBoard (CARB). NedtLO0 percent)
biodiesel has been designated as an alternatiVéyube Department of Energy (DOE)
and the US Department of Transportation (DOT).

1.3.1 Jatropha SVO

As per the National Biodiesel Policy, 2008 governimef India aims that 20% of the
diesel consumption from plants. To reach this targee have to cultivate the biodiesel
plants in 140,000 kfof land, presently in India fuel yielding plantsver less than 5,000
km? Most cultivated plant for biodiesel productionlimia is “JATROPHA” Dr.Kalam ,
was one of the strong advocators of Jatropha etibim for production of biodiesel. As
per statistics of Dr.Kalam, we have to use 300K®0out of 600,000 kihwaste land in
India for cultivation of Jatropha.

* Itis an exotic plant for India and is speciesveto Mexico and Central America.
In India, it is believed to have been introducedRortuguese navigators in the

16" century.

Common Names : Ratanjyot, Purgmef, physic nut.
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Botanical Name
Family
Avalilability

Features

Gestation period

Productive life

: Jatropha curcas
: Euphorbiaceae
: Throughout India (mostly in dry/tropical areas)

Small tree or shrub, (3-5 m in height), smooth
greasy bark which exudes whitish colored,
watery latex when cut and large green to pale
green leaves (deciduous), alternative but apically
crowded

: Less than one yeam{mum amongst all the

tree borne oilseeds)

: 30-35 years.

10



Table 1.2 various properties of Jatropha blend Ditsel

Density (kg/l) 0.838 | 0.944 0.8433 0.8486 0.8539
At 30°C
Kinematic Viscosity at 3T 4-8 52.76 8.333 | 10.676 13.677

[x107(-2) strokes]

Cetane number 40-45 38 42295 42.0b 41.826

Flash point ifC 45-60 210 60.379 68.25 77.152

Calorific value 43400 | 39340 43197 42994 42791
(kJ/kg)
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1.3.2 Why Jatropha?

It is easy to cultivate Jatropha, it can grow drired climatic conditions and soils hence it
is cultivated in most of the places. It is lessangive to cultivate jatropha and most of
the jatropha seed varieties are available of less dhe percentage of yield is high and
the extraction of oil is also maximum. Jatrophavpies higher rate of output than any

other crops. It is very easy to maintain the jat@plant even at the seedling stage.

Jatropha stands as an ideal crop among the bieldiesps because of the following

reason.

a) Drought resistant

b) Jatropha plant has the ability to grow well on paod infertility soil, in marginal
areas and can withstand any type of climate

c) Needs only little amount water and maintenance

d) The plant can be harvested for about 50 years
Advantages of the Jatropha plant

a) Low cost seeds

b) High oil content

c) Small development period

d) Grow on good and despoiled soil

e) Grow in low and high rainfall areas

f) Does not require any special maintenance

g) Can be harvested in non-rainy season

h) Size of the plant makes the collection of seedyveoient

i) Multi products are developed using a single jateoplant. The products include

bio-diesel, soap, mosquito repellent, and orgaanitlizer.
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1.3.2 NQ formation:

a) The factors that cause diesel engines to run nftogeatly than gasoline engines
also cause them to run at a higher temperatures [Haids to the creation of
nitrogen oxides (NQ.

b) Fuel in any engine is burned with extra air and s@fthe oxygen is used to burn
the fuel.

c) When the peak temperatures are high enough for f[wergpds of time, the
nitrogen and oxygen in the air combines to fornrdd¢jen oxides.

d) These are normally collectively referred to as \NO
NGQ reduction techniques:

1. In order to reduce NQa engine should run at a lower temperature than th

normal temperature.
2. Reduced cylinder temperatures can be achievedae thays.

a) Enriching the air fuel mixture
b) Lowering the compression ratio artdnaging ignition timings
¢) Reducing the amount of Oxygen indiénder

1.4 Fuel additives

Until the latter part of the twentieth century thewas little or no use of diesel fuel
additives. Due the versatility and robustness ef diesel engine, suitable diesel fuel
could be produced from a blend of straight-run apheric distillation components.
Where a refiner had a necessity to bias produtbarards gasoline then the diesel pool
could often be supplemented with cracked gas mls the gasoline refining process. As
fuel sulfur levels were gradually reduced then addal processing could be required
depending on the crude oil source. With the inengafuel demand, changing demand
mix and tightening specifications the refining preses have changed and with it the use

of diesel fuel additives. Although there is no rigies definition of what constitutes an
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additive, as opposed to a blending component,gerserally accepted that additive is
something added at less than 1% wi/w (i.e. 10,00gngr 10,000 ppm). Because of this
low treat rate of additives the physical properti¢she fuel, such as density, viscosity,
and volatility are not changed significantly.

To increase the yield of diesel fuel the refinersincut deeper into the crude feedstock;
necessitating the use of flow improvers to restbeslow temperature performance of the
fuel. With increasing demand for improved ignitigmality and increasing cetane number
specifications the use of ignition improver addisvhas also risen. As legislation
specifying ultra-lower fuel sulfur levels has smtedhe ability of the diesel fuel to
lubricate the fuel injection equipment has dimiedhthis has necessitated the use of

lubricity additives. The additives discussed irsthaper can be categorized as follows:

« Fuel handling and distribution additives

o Low temperature operability additives
=  Flow improvers
=  Wax anti-settling additives
= Cloud point depressants
= De-icing additives

o Other fuel handling additives
= Antifoam additives
= Drag reducing additives
= Static dissipater additives
= Biocides
= Demulsifiers
= Dehazers
= Corrosion inhibitors for fuel distribution system
= Marker dyes
= Deodorants and re-odorants

« Fuel stability additives
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o Antioxidants
o Stabilizers
o Metal deactivators
o Dispersants
- Engine protection additives
o Corrosion inhibitors for vehicle fuel system
o Injector cleanliness additives
o Lubricity additives
« Combustion additives
o Ignition improvers
o Smoke suppressants

o Combustion catalysts
1.4.1 Antioxidants

Antioxidants are those which reduces amount of erygontent in combustion chamber
to reduce formation of NOQSome of useful antioxidants are as follows:

Butylated hydroxytoluene

>

» 2,4-Dimethyl-6-tert-butylphenol

» di-tert-butylphenol- Phenylene diamine,
>

ethylene diamine
» p-phenylenediamine

1.4.2 Why p-phenylenediamine as antioxidant?

P-phenylenediamine selected as test additives rath@diterature survey. Amines were

chosen because they are active reductants for N@xaatalytic or gas phase systems.
The chemical structure of the antioxidant and pscgfications are given below. The free
radicals formation during combustion determines rdite of reaction and prompt NOXx

production. Free radical is a highly reactive malecwith one or more unpaired

electrons. Examples include oxygen molecule, ndxicle, superoxide ion and hydroxyl
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radical. Antioxidant delays or inhibits oxidativeopesses by donating an electron or
hydrogen atom to a radical derivative. Generallticxidants can reduce free radical
formation by four routes; chelating the transitiometal catalysts, chain breaking
reactions, reducing the concentration of reactagicals and scavenging the initiating

radicals.

H,N X

/ r
NH,

Figure 1.2 Chemical structure of P-phenylenediamine

Specifications - CAS number 106-50-3
Minimum assay 97%
Molecular weight 108.1
Melting point 141 _C
Sulphated ash 0.05%

1.5 Need of the study

With the increasing population demand of converatiofuels are increased but the
resources of conventional fuels are limited. Ong alhthe resources would be depleted.
These issues motivate us for the use of altern&tieks with this all the above problems
is resolved. One more issue that is related tor@emwient is use of conventional fuels
emit lots of harmful contents. The use of alten&fuel considerably decreases harmful

exhaust emission like carbon mono oxide, carbomid& particulate matter and sulfur
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dioxide. But NOx emission increases in the Cl eagifhere are too many problems that
are associated with NOx like health and environnpeablem. So the reduction in NOx

emission is required, there are different methadaibe of antioxidant is one of it.
1.6 Objective of the study

To solve the problem of fuel scarcity due to deptetfossil fuels and rising prices
alternative fuels are used. the main issue assaciaith SVO is NOx emission that is

harmful for health and environment.

e To analyse the performance of Cl engine with J&aofsVO) with Diesel blend
at various loads.

e To Measure the regulated NCemissions with using p-phenylenediamine
antioxidant in Jatropha(SVO) with Diesel blend aodhpare with base diesel.

 To determine the optimum percentage of p-phenyliengde to be mix for

maximum NQreduction

1.7 Outline of thesis

The chapter plan of the thesis is as under:

Chapter 1: Introduction

The first chapter presents an overview of energnacdo of the world and India. It

includes information like fuel economy and perfono@ and emissions for presently
used alternate fuels (Alcohol, Biodiesel, LPG, CNM@d Hydrogen). It presents an
introduction to Jatropha SVO and Why to use Antiaxit in Jatropha(SVO) with Diesel

and what are the advantages and limits to that.

Chapter 2: Literature Review

In this chapter, an overview of the available #&tere corresponding to the
Jatropha(SVO), Jatropha Biodiesel and Antioxidamat® discussed. It includes
experimental studies which are done on enginesvaluate the performance and
emissions levels by using p-phenylenediamine artant with blend of Jatropha(SVO)

and Diesel.
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Chapter 3: Methods and Materials

This chapter includes all information related tegant research work. It includes the set-
up details, fuel details and information aboutti## accessories which are used to attain
the objectives of present work. It includes all thathematical formulas which are used

for the calculation of engine performance paranseter

Chapter 4: Results and Discussion
The results are summarized and discussed in thsteh It includes the details about the

performance and regulated emissions levels otialsfwhich are tested in Cl engine.

Chapter 5: Conclusion
This chapter includes the conclusion of the presesearch work. Challenges and

limitations of the current study are discussed.
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Chapter 2

Literature Review

Lot of research work has been carried out by dffieresearchers in the field of alternate
fuels for past many years; Jatropha (SVO) with Bliddend is one of them promising
alternate fuel. Researchers worked to comparedHerqmance and emissions of Jatropha
(SVO) with diesel blend by use of Antioxidants. Fluhapter gives an overview about
the works that have been performed by various reBees on reduction of N®y use of

Antioxidants.
2.1 Studies on Jatropha SVO with Diesel

The main goal of this experiment was to investigatetical parameters through analysis
and experiments that would increase the efficiemng effectiveness of SVO operated
C.l. engine; ultimately resulting in quality endoducts. Therefore in this research,
significant studies have been reviewed under theviong main headings:

Diesel engine performance with straight vegetablé€sy¥O).
» Production and processing of straight vegetaitde o

.» Fuel Properties.

Chemical composition of fuels.

Performance and exhaust emissions of diesel engith Diesel and SVO Blends.

Energy and Exergy analysis of C.I. engine witedai and SVO Blends.

Optimal performance parameters.

A number of research works have been carried dilit 8% O. Some of the related articles

on SVO are given below. It was observed that SV@edooperational and durability
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problems when subjected to long term usage in @jinen These problems can be

attributed to high viscosity, low volatility and lycsaturated characters of vegetable oil.

Barsic et al. (1981)conducted experiments using 100% sunflower ol)%(eanut oil,
50% peanut oil with diesel. A comparison of the iragoerformance of Sunflower oil

and peanut oil results showed that there was arase in power and emissions.

Tadashi and Young et al. (1984gvaluated the feasibility of rapeseed oil and palm
for diesel fuel in a naturally aspirated directentjon diesel engine. It was found that
vegetable oil fuels gave an acceptable engine pedioce and exhaust emission levels
for short-term operation. However, they caused @arnteposit build-ups and sticking of
piston rings with extended operation.

Hammerlein et al. (1991)conducted experiments on naturally aspirated tiramed air
cooled and water cooled engines using rapeseedexiteeriments were conducted using
filtered rapeseed oil. It has been reported thatitake power and torque using rapeseed
oil as fuel are 2% lower than that of diesel. Tleatlrelease rate is very similar for both
fuels. With all the engines tested, maximum brat&gr was obtained with rapeseed oil.
Lower mechanical stresses and lower combustiorenseye observed. The emission of
CO and HC are higher, whereas NOx and particuletisston are lower in comparison

with diesel fuel.

Z. Mariusz and J. Goettler et al. (1992)conducted experiments on sunflower oil and
recommended incorporating dual fuel pre-heaterdimability improvements of diesel
engines. The durability of the engine increaseduygh the prevention of engine
operation at low load and low speed conditionsuced exposure time of fuel injection
system at very high temperature conditions durragsition process from high to light

loads and elimination of fuel injection of oil dng shut down period.

S. Dhinagar and B. Nagalingam et al. (1993ested neem, rice bran and karanja oll
with a low heat rejection engine. An electric headad exhaust gas was utilised for
heating the oil. He observed that 1 to 4% loweciefificy was compared to that of diesel

in case of without heating. However with heating &fficiency was improved.
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Forson et al. (2004 conducted experimental investigation on pure f#teg pure diesel
and blends of jatropha and diesel in a direct tigacsingle-cylinder diesel engine. The
results obtained suggested that the above saiéxbibited similar performance and
broadly similar emission levels under comparablerapng condition. It was also
observed that introduction of jatropha oil into sk fuel appears to be effective in

reducing the exhaust gas temperature.

Ramadhas et al. (2004conducted experimental work by using rubber seedHe
concluded that cold weather operation of the engineot easy with vegetable oils. Raw
vegetable oil can be used as fuel in diesel engimés some minor modifications.
Results showed that the thermal efficiency was aaige to that of diesel with small
amount of power loss. The particulate emissiongegietable oils are higher than that of

diesel fuel with a reduction in NOx.

Agarwal et al. (2008)studied the performance and emission charactisfilinseed oil,

mahua oil, and rice bran oil in a stationary singgénder four stroke diesel engine and
compare it with mineral diesel. Observed that glfavegetable oils posed operational
and durability problems when subjected to long tarsage in C.l. engine. These
problems are attributed to high viscosity, low vititg and poly saturated character of

vegetable oils.

Agarwal et al. (2009b)experimented with preheated karanja oil and bleRdsformance
and emission characteristics were found to be glaise to mineral diesel for lower blend
concentration. However for higher blend concerdrgtperformance and emission were

observed to be marginally low.

Sidibe et al. (2010yeviewed the state of the art for SVO use as ifueliesel engines,
based on a bibliographic study (literature reviewhe 1st section of the document
examines the type and quality of vegetable oilddet use in diesel engines. The second
section discusses the advantages and disadvaméges options recommended for
SVO use in diesel engines: dual fuelling and blegdvith diesel fuel. He concluded that
SVOs can be used as a replacement of diesel thleirmgricultural diesel engines. They

can be directly produced locally in a short supgigin and offer the extra fuel needed to
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increase agricultural production. Their by-productn be used in agriculture and

livestock production.

Acharya et al. (2011)conducted experiment on preheated SVO of kar&ogym blends
with diesel. Experiments were designed to studyeffext of reducing kusum and karanja
oil's viscosity by preheating the fuel, using alslamd tube heat exchanger. They
concluded that, the engine performance with kusuoh learanja oil (preheated), was
found to be very close to that of diesel. The patde oil's performances were found to
be slightly inferior in efficiency due to low heagj value. The performance of karanja oil
was found better than kusum oil in all respectse Viscosity of kusum and karanja oll
was reduced by preheating to 100-130it was found that in the above cases the

viscosity was close to that of diesel —which wobokdsuitable for the engines.

Masjuki et al. (2015) used preheated palm oil to run a C.I. engine. éadg reduced
the viscosity of fuel. Torque, Brake Power, Specitiel consumption, exhaust emission

and Brake Thermal Efficiency were found to be corapke to that of diesel.

Gerhard Vellguth (2011) studied the performance of a direct injection Engylinder

diesel engine with different vegetable oils. He omgd that vegetable oils could be
directly used as fuels in diesel engines on a dleom basis with little loss in efficiency.
In long-term operation of engine with vegetablesoiie observed operational difficulties

like carbon deposits, changes in the lubricatingperties and ring sticking problems.

Varaprasad et al. (2010)investigated the effect of using jatropha oil assterified

jatropha oil on a single cylinder diesel engine.eyhound that the brake thermal
efficiency was higher with esterified jatropha a8 compared to raw jatropha oil but
inferior to diesel. They also reported low NOX esnis and high smoke levels with neat

jatropha oil as compared to esterified jatrophand diesel.

Parmanik et al. (2006)studied the properties and use of jatropha cundasnd diesel
fuel blends in compression ignition engine. Theaat gas temperature was observed to
be reduced due to reduced viscosity of the vegetabldiesel blends. It was found that
the fuel consumption was increased with a highepgrtion of the jatropha curcas oil in

the blends. Acceptable thermal efficiencies of @mgine were obtained with blends
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containing up to 50% (by volume) of jatropha oiheTtests were also conducted by
Forson et al. [96] on a single-cylinder direct atjen engine operated on diesel fuel,
jatropha oil and blends of diesel and jatropharojproportions of 97.4% / 2.6%; 80% /
20%; and 50% / 50% by volume. The test results sldowhat jatropha oil can be

conveniently used as a diesel substitute in a dexggne.
2.2 Studies on antioxidants in C.I. engine

Varatharajan et al. (2011) investigated mitigation of NOx emissions usingfetént

antioxidant additives in Jatropha biodiesel andeoled that p-phenylenediamine is the
more effective additive than other antioxidant &gds such as ethylenedia-mine, a-
tocopherol, butylated hydroxytoluene and ascorbid.dt could reduce NOx emissions

by about 43.55% compared to neat biodiesel.

Palash et al. (2014)nvestigated experimental study on a four-cylindersel engine to
evaluate the performance and emission charactarigtiJatropha biodiesel blends (JB5,
JB10, JB15 and JB20) with and without the additioih N, NO-diphenyl- 1, 4-
phenylenediamine (DPPD) antioxidant. The resultsagd that this antioxidant additive
could reduce NOx emissions significantly with alstipenalty in terms of engine power
and Brake Specific Fuel Consumption (BSFC) as a&IllCO and HC emissions. When
compared to diesel combustion, the emissions ofad@ CO with the addition of the

DPPD additive were found to be nearly the samewet.

Palash et al. (2014yeviewed that the average reduction of NOx emissiby using
additives, EGR, WI & ET, ITR, ST and LTC are in tlanges 4-45%, 26—84%, 10—-38%,
9.77-37%, 22-95% and 66—93% respectively, comparbtbdiesel combustion without
applying technologies. However, the average redoati NOx emissions by using those
technologies for biodiesel are reasonable, 36—-45%4%, 21-37%, 33—-92% and 8.68—

70% respectively, when compared to diesel.

Vedaraman et al. (2010)studied the effect of different blends of palm désel with
diesel on engine performance and emission chaistoter and found B20 to be the

optimum blend in terms of higher thermal efficieranyd lower NOx emission. B20 also
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produced about 28% and 30% lower CO and HC emissiompared to baseline diesel,

respectively

Ng et al. (2013)evaluated the suitability of PME-based biodies®l é@s blends for on-
road usage. They observed a reduction of tailpi@e NHC, and smoke opacity when
neat PME was used, with maximum decreases of 26%%, and 66.7%, respectively

2.3 learning from literature survey

From the literature survey we learn about the okffieé alternative fuels that can be used
in IC engine. We also learn about the advantagdsdeaadvantages of these fuels when
used in IC engine. When we go for the biodiesel N@wssion become a severe problem
in Cl engine so in the literature we learn diffdreachniques for the reduction of NOx.

One of the best techniques is use of antioxidanwedearn about the different types of

antioxidants.

24



Chapter 3

Methods and Materials

In this chapter, methods followed and materialsiusse described which are to attain the
objectives of present research. This chapter imdudrocurement of Antioxidant p-
phenylenediamine, preparation of blend, experiniergat-up and experimental

Technique.
3.1 Procurement of Antioxidant

For the experiment, p-phenylenediamine is procusdith help of Savita chemicals,

Jaipur from Triveni chemicals, Mumbai.

T—

Figure 3.1 p-phenylenediamine(Antioxidant)
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3.2 Preparation of blend

Preparation of blend for testing done in two preess first different percentages of
Jatropha(SVO) mixed with Diesel and after that etdht percentages of antioxidant
mixed with blends.

3.2.1 Mixing of Jatropha (SVO) with Diesel

In this experiment test performed with differenedds of ‘Jatropha oil’, i.e. 5% ,10%

15% and blends of Jatropha oil.

Steps to prepare blend:

1. Drop certain quantity of Jatropha oil into 50Dbeaker.

2. Fill rest of the beaker with diesel fuel.

Eg: for 10% blend 50ml Jatropha oil and 450 ml eli@s a 500 ml beaker.
3.2.2 Mixing of antioxidant

As p-phenylenediamine is in solid state and itoi9oé mix with liquid Jatropha (SVO)
and Diesel blend. For homogenous mixing differemthads tried i.e. direct mixing,
magnetic stir, less RPM stir and mixer grinder 60@0 RPM. Only mixer grinder of
20000 RPM mixed antioxidant with fuel blend.
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Figure 3.2 Mixing of antioxidant
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3.3 Experimental Setup

Experiment set-up includes the details about thggnen mixer, Load arrangement, Gas

Analyzer and other auxiliary equipment which wesediin the research work.

.-.-ml-qzm

Diesel Fuel |
Tank Fuel Valve

<)
|_®_ Fuel gzas
Exhaust Temp analyzer

L T

Air box -_} —
1]

=~

Orifice plate

U Tube Manometer

Single Cylinder Kiriloskar Engine

Load
Pannel

Dynamomet
er

Figure 3.3 Schematic diagram of experimental setup

3.3.1 Engine

The engine being used in current project work ssngle-cylinder 4-stroke water cooled
C.l engine, coupled to a dynamo (generator) whimhverts mechanical shaft work of

engine into electrical output with the help of aitor.
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Table 3.1 Engine specifications

PARAMETER

Rated output

No of cylinders

Bore x Stroke

Compression Ratio

Type of engine

Fuel

Injection type

UNIT/TYPE

hp

mm

Figure 3.4 Single cylinder 4 stroke C.I. engine

SPECIFICATION

4.7

102 x 116

17

Compression Ignition

High speed diesel

Direct injection
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Speed Constant Speed

Governor Mechanical
Lubrication Wet Sump
SFC gms/kWhr

3.3.2 Alternator

1500 rpm

Class B-1

SAE 40

338

The alternator being used in current project wadypled to a 4 stroke single cylinder

C.l. engine which converts mechanical shaft workmgine into electrical output.

Figure 3.5 Alternator

30



Table 3.2 Alternator specifications

Type Slip ring type
No of poles 4

Speed RPM 1500

Max output kVA 5

Frequency Hz 505
Insulation class H 180°C
Phase Single
Power Factor(P.F) 1

Efficiency % 97@ full load

3.3.3 Fuel consumption rate measurement

Flow of fuel measured with the help of burette. &inoted down for every 10ml of fuel

consumption with the help of stop watch and wiils the find out fuel consumption rate.
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Figure 3.6 Burette for in feed of fuel

3.3.4 Air Supply

The air-box is connected to air-filter of engineotingh a 2.5 pipe; this enables us to
measure mass of air being utilized for combustressure of air entering the box is
measure in terms of water column which is then eaied into air-head and subsequently
into air velocity which in turn helps determine mdlew rate of air.
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Figure 3.7 Air supply system with measurement

3.3.5 Exhaust Gas Temperature Measurement

Exhaust gas temperature was measured with the dfela thermocouple. K type
thermocouples was placed in the exhaust manifotddasure the temperature of exhaust
gases The K type thermocouple is cheaper and a waidety of probes are available in
its =200 °C to +1350 °C range. Exhaust gas temperats one of the important
parameter which gives an indication about the g@teavailable in the exhaust gas from

heat recovery point of view.

TEMPERATURE
INDICATOR

Figure 3.8 Temperature indicator
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3.3.6 Load arrangement

35 bulbs of rating 100 watt each were installedtenload bank. Arrangement was made
to vary the load from zero to full at 3500 W.

Figure 3.9 load arrangement

3.3.7 Cooling arrangement

To make cooling more efficient, the engine is miedifto water cooling system. The flow
rate of cooling water is fixing to 6 litres per mate with the help of control valve. Figure

3.10 shows the cooling water flow rate measurement.
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Figure 3.17 cooling water flow rate measurement
3.3.8 Gas Analyzer (NDIR type)

The gas analyzer is used to find out the exhausegassions. In the experimental work
the gas analyzer used, was supplied by AVL Indigape limited. It uses Non-Dispersive
Infra-Red (NDIR) detector. Carbon monoxide (CO)slioam dioxide, Oxygen, NQand
Unburned Hydrocarbon are measured with the hel@asd Analyser. CO is measure in
vol %, HC in ppm vol. Hex., C&n vol %, Gin vol %, NQin ppm.

Figure 3.18 Gas analyzer
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3.4 Experimental Techniques

Diesel and various blends of Diesel and Jatropha{Swith different percentage of p-
phenylenediamine were used and study was done asureethe performance of engine.
A sequence of experiments was done by varying ¢lae lon engine to compare the
performance of neat Diesel and blends of JatroB¥O) and Diesel. During the
experiment exhaust gas temperature and emissions rgeorded at each load after

allowing the engine to warm up and stabilize.
3.4.1 Variation of Load

The rated power output (full load) of the engines\@abkW. The different loads applied
to the engine for all fuels (Neat Diesel, BD5, BD10BD15) with

0.005%,0.015%.0.025%,0.035% and 0.05% (by masg)pifenylenediamine were 0.5
kw, 1.0 kw, 1.5 kW, 2.0 kW, 2.5 kW, 3.0 kW and 3/8kThe loads were increased by

switching on bulbs of appropriate wattage.
3.4.2 Variation of fuel

First engine was made to run on neat Diesel, BOB1®Band BD15 only to have a
baseline data. Subsequently, it was made to rwaoaus percentage of antioxidant mix
with blends. The fuels for experiments were DieB&l5, BD10 and BD15.

Table 3.3 Range of investigation

Sr. No. Parameters Range
1. Fuel Diesel, BD5, BD10 and BD15
2. P-phenylenediamine percentage 0.005%.0.015%@@2035% and
0.05% by mass
Load 0-3.5 kW
Engine Speed 1500 rpm
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3.5 Formulas for Calculation

Formulas for calculation of calorific value of blis) Brake Thermal efficiency (BTE),
amount of p-phenylenediamine to be mix with différdlends, Brake Specific Fuel
Consumption (BSFC) and Brake Specific Energy Comdiom (BSEC) are discussed

below-

3.5.1 Calorific Value (CV) of Blends

It is the energy released per kg of the fuel, wtienfuel is burned and the products of
combustion are cooled back to the initial tempesataf combustible mixture. The
heating value so obtained is called the higherrosg calorific value of the fuel. The
lower or net calorific value is the heat releasgdhe fuel when water presents in the

products of combustion is not condensed and renmaitie vapour form.
1. Calorific value of the diesel = 43400 Igl/k
=36369.2 kJ/I
2. Calorific value of the Jatropha oil = 3934Iikg
=37136.96 kJ/I
{Because Density of the diesel = 0.838 kg/l
Density of the Jatropha oil = 0.944 kg/l }

1. Calorific value of the 5% blend
= (0.05%37136.96) + (0.95%36369.2) = 364058
2. Calorific value of the 10% blend

= (0.10x37136.96) + (0.90x3636%:36445.97 kJ/|

3. Calorific value of the 15% blend
= (0.15x37136.96) + (0.85x36369.2) = 36484k 36
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Table 3.4 Calorific value of Diesel, BD5, BD10 aBD15

Sr. No. Fuel Calorific Value (kJ/l)
1. Diesel 36369.2

2. Jatropha oil 37136.96

3. BD5 36407.58

4. BD10 36455.97

5. BD15 36484.36

3.5.2 Brake Thermal Efficiency (BTE)

Brake thermal efficiency is defined as the ratido#ak power of an engine to the energy
supplied by the fuel. It is used to evaluate howl &e engine is converting heat from a

fuel to mechanical energy. It can be calculateddibrfuels (Diesel, BD5, BD10 and

BD15) by using following formula-

Brake Thermal Efficiency (BTE) = Brake Power/ Enesgipplied by fuel

3.5.3 Amount of antioxidant

As we know

Density= mass / volume

M1+ Mo+ M3 = 1kg

Here,

M ;= mass of antioxidant to be mix

M,= mass of Jatropha oil

Ms= mass of Diesel oil

So,

Mo+ Ms=1- My
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Q@Va+GVi=1- M

Here,

= 0.944 kg/m

¢s= 0.830 kg/m®

Vo= 5%

So

(944 x (5/100)+830)xY=1-M;

For M;=50mg

Vo= 56ml

Same procedure for 150mg, 250mg, 350mg and 500mg
3.5.4 Brake Specific Fuel Consumption (BSFC)

Brake specific fuel consumption is defined as tite of fuel consumed per unit of brake
power developed by the engine. Its unit is gengkadfkW-hr. It can be calculated for all
fuels (Diesel, BD5, BD10 and BD15) by using follogiformula

Brake Specific fuel Consumption (BSFC)= Mass flaterof fuel (kg/hr)/ Brake Power
(kW)

3.5.5 Brake Specific Energy Consumption (BSEC)

It is defined as a product of BSFC and Calorifiduea(CV) of fuel. It shows how
efficiently fuel energy is obtained from fuel. larc be calculated for all fuels (Diesel,
BD5 BD10 and BD15) by using following formula-

Brake Specific energy Consumption (BSEC) = BSFC*&Vuel
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Chapter 4

Results and Discussion

Engine was operated with neat Diesel and varioendd) that were composed of
Jatropha (SVO) and Diesel. In this chapter engiedopmance parameters i.e. Brake
thermal efficiency (BTE), NQ CO and HC emissions are calculated and their vams
with respect to load are plotted.

4.1 Engine Performance Parameters

These parameters are used for comparison of vaeiogmes. It includes Brake thermal
efficiency, NQ, CO and HC emissions.

4.1.1 Brake thermal Efficiency

Brake thermal efficiency (BTE) is a measure of pawer developed by the engine which
is readily available for use at the engine outmatfts Brake thermal efficiency (BTE) for
all fuels increased with increase in load and reddis maximum at 2.5 kW load and
then it dropped slightly at full load. Brake theinefficiency in case of neat diesel was
19.25% which occurred at 2.5 kW load. As Jatro@@™d) was used as a fuel in engine
then its efficiency started decreasing. For BD5 #ropha (SVO) and 95% Diesel by
volume) maximum brake thermal efficiency obtaineaswl8.86% at 2.5 kW load. For
BD10 maximum brake thermal efficiency obtained 893% which was at 2.5 kW load.
For BD15 efficiency was lower than BD10 at all lsaét 2.5 kW load efficiency found
17.54%. Increasing Jatropha (SVO) will decreasek pgassure and temperature due
improper combustion of blend and high density aisdosity of Jatropha (SVO). Figure
4.1 shows the variation of brake thermal efficiemgth respect to load for all fuels used
in the research work (Diesel, BD5, BD10 and BD18haut use of antioxidant.
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Thermal efficiency(%) v/s Load
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Figure 4.1 brake thermal efficiency with respediiad for Diesel, BD5, BD10 and

BD15 without use of antioxidant.

For BD5 (Jatropha SVO 5%), BD10 (Jatropha SVO 1@¥td BD15 (Jatropha SVO
15%) with different percentage (0.005%, 0.015%286%, 0.035% and 0.05% by mass)
of p-phenylenediamine minor reduction in efficientgve observed. The main reason
behind it reduction in availability of oxygen foomplete combustion have reduced, this
will lead to incomplete combustion of fuel. As wiedkv Biodiesels are oxygenated fuels
so there is no major reduction in efficiency of imeg Figure 4.2 shows the variation of
thermal efficiency with loads for BD5. Figure 4.Bosvs the variation of thermal
efficiency with loads for BD10. Figure 4.4 shows thariation of thermal efficiency with
loads for BD15. By these experimental results we ftether move towards emissions
reduction process because there is no major effiecefficiency by adding different

percentage of p-phenylenediamine.
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Figure 4.2 Variation of thermal efficiency with i&for BD5 with different percentage

of p-phenylenediamine
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Figure 4.3 Variation of thermal efficiency with i&for BD10 with different percentage

of p-phenylenediamine
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Figure 4.4 Variation of thermal efficiency with k&for BD15 with different percentage

of p-phenylenediamine
4.2 Engine Exhaust Emissions

Tail pipe exhaust emissions are the vital sourceerofssions from the vehicle. NO
(oxides of nitrogen), UBHC (un-burnt hydrocarboniiaCO (carbon mono oxide) are the

main exhaust emissions.

Emissions can be classified into two categories-
a) Regulated emissions

b) Non-regulated emissions

a) Regulated emissions- Emissions for which theeecartain norms and there is certain
regulation on their quantity in exhaust gas, afledaegulated emissions. UBHC (un-
burnt hydrocarbon), CO (carbon mono oxide), \N©Oxides of nitrogen), particulate

matter (PM) and smoke are regulated emissions.

b) Non-regulated emissions- Emissions which aresgmkin the engine exhaust and for
which there is not any norm and there is no cemragulation on their quantity in exhaust

gas, are called non-regulated or unregulated emmssEthanol, aldehydes, ketones, poly
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nuclear aromatic hydrocarbons (PAH), nitro-PAH aswoluble organic fraction of

particulate matter are examples of non-regulateidssoms.
4.2.1 NQ,emissions

Nitrogen and Oxygen reacts at relatively high terappge. NQ formation in an engine

depends on-

a) Reaction temperature

b) Oxygen availability and

c¢) Duration of availability of oxygen

NOy emissions are increasing by increasing load asasong load will cause more fuel
to enter in the combustion chamber due to this Miggemissions will be formed. NO

emissions were found to increase in all blendsampmarison to pure Diesel; it is due
oxygenate nature of Jatropha (SVO) fuel. With iaseein oxygen content in fuel proper
combustion of fuel takes place. N@®missions variation with respect to engine load fo

all fuels is represented in the figures (4.4, 4.6,and 4.7).

Antioxidant addition has been shown to reduce N&haast emissions. Figufd.5, 4.6
and 4.7)shows the NOXx reduction percent of different antlarts relative to neat
Diesel, BD5, BD10 and BD 15 at full load based disarved data in ppm. Results
indicate that significant reductions in NOx weresetved while using antioxidants and
this reduction is not linearly correlated with thmount of antioxidants present in the
biodiesel. Optimum reductions were found at 0.028%encentration of additives. The
decrease in NOx emissions are assumed to resaits drreduction in the formation of

free radicals by antioxidants.

The effect of antioxidants on NOx emissions of gjatia(SVO) fuel containing 0.025%-
m of additives. It is important to note that th@25%-m level of p-phenylenediamine
with biodiesel presented best emission resultsaamdan NOx reduction of 24.58% was
observed with this additive. At this level, the mmm and maximum NOx produced

were 1.57 and 2.05 g/kW hr respectively, and alsetsilll B Euro emission standards
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[14] (<3.3 g/kW hr) for non-road engines. Stage Il di@mls are phased-in from the year
2006 to 2013. P phenylenediamine is the most widelgd primary antioxidant in
polymer and rubber industries and its antioxidataaivity is implemented by the
donation of an electron or hydrogen atom to a eddierivative. The kinetics involved in
the mechanism of NOx reduction by p-phenylenedianmnhighly complex and there is
limited understanding of the chemistry involved inthese processes.
Benzoquinonediimine, a reaction product of p-phengtiamine has potent antioxidant
properties that trap the free radicals effectivdtyhylenediamine is a most common
lubricating oil additive that control deposits ihet fuel system and also effectively
reduces the friction between engine cylinder argtopi rings. Ethylenediamine is a
powerful chelating agent that reduces the freeceddioncentrations by chelating the

metal catalysts.
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Figure 4.5 NQ emissions for Diesel, BD5, BD10 and BD15
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Figure 4.6 NQ emissions for BD5 using different percentage ohpfylenediamine
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Figure 4.7 NQ emissions for BD10 using different percentage phpnylenediamine
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Figure 4.8 NQ emissions for BD15 using different percentage phpnylenediamine
4.2.1 Hydrocarbon (HC) Emissions

Un-burnt hydrocarbons (UBHC) are the direct consega of incomplete combustion
[32]. UBHC variation with respect to load for alidis is represented in the figure 4.8. By
the experiments it was found that hydrocarbon domssvas higher at low load
conditions and then at the moderate load conditiowas decreased and again rose
slightly at higher load conditions. This might bgedo the improper mixing of fuel which

resulted in incomplete combustion of fuel givingtnhydrocarbon emissions.

Unburned hydrocarbons come under different fornehsas vapour, drops of fuel, or
products of fuel after thermal degradation. HC ainiss contribute to the formation of
smog and may include photo chemically reactive isgeas well as carcinogens. The
specific HC emissions for antioxidant Jatropha ($Mfixture and load at different

concentrations of p-phenylenedianime are showigurds 4.9, 4.10 and 4.11. It is clear
that addition of antioxidants led to some incre@selC emissions at all the loads. This
increase in HC emissions could be due to redudiaxidative free radical formation by

antioxidants. It is quite clear that test antioxideixtures could not meet the stage Il B
Euro standards (<19 g/kW hr) in the whole load eang
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Figure 4.10 HC emissions for BD5 using differentggatage of p-phenylenediamine
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Figure 4.11 H@missions for BD10 using different percentage phpnylenediamine
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Figure 4.12 H@missions for BD15 using different percentage phenylenediamine
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4.2.2 Carbon Monoxide (CO) Emissions

Carbon monoxide (CO) occurs only in the exhausingfine. It is a product of incomplete
combustion because of inadequate amount of airghdir mixture or inadequate time in
the cycle for complete combustion of fuel. Carbontent of fuel oxidized with Oxygen
available in the air to CO and then to £Qarbon which is not converted to @il

come out as CO in exhaust.

Low flame temperature and too rich fuel air ratie the major causes of CO emissions
from engine. Higher CO emissions results in lospaiver in engine. Different factors
can be at the origin of its formation, insufficier@sidence time, too low or too high
equivalence ratios are part of those reasons. &hatwn of specific CO emissions with
power output at 0.025%-m concentration of antiomidds presented. It is obvious that
the CO emissions increase as the antioxidant comethe biodiesel increases. The
increase is primarily due to incomplete combustiesulting from antioxidants addition.
The oxidation of CO is directly related to the ambof OH radicals present in the
reaction. Antioxidants slightly reduce carbon oxiola by scavenging the OH radicals.
At full load, highest CO emissions were observethiphenylenediamine (11.12 g/kW-
hr) had the lowest. It is quite clear that tesiadant mixtures could not meet the stage
lIl B Euro standards (<5 g/kW hr) in the whole lcadge.
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Figure 4.13 CO emissions for Diesel, BD5, BD10 Bl 5
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Figure 4.14 C@missions for BD5 using different percentage ohp+p/lenediamine
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Figure 4.15 C@missions for BD10 using different percentage phenylenediamine
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Figure 4.16 C@missions for BD15 using different percentage phpnylenediamine

Antioxidant addition has been shown to percentagection in NOx exhaust emissions.
Figure 4.16shows the NOXx reduction percent of different antaxts relative to neat

Diesel, BD5, BD10 and BD 15 at full load based diseyved data in ppm. Results
indicate that significant reductions in NOx weresetved while using antioxidants and
this reduction is not linearly correlated with thmount of antioxidants present in the
biodiesel. Optimum reductions were found at 0.028%encentration of additives. The
decrease in NOx emissions is assumed to resuitsdroeduction in the formation of free
radicals by antioxidants.

The effect of antioxidants on NOx emissions forggatta (SVO) fuel with 0.025%- m of
antioxidant. It is important to note that the 0.928 level of p-phenylenediamine with
biodiesel presented best emission results and an M€ reduction of 19.49% was
observed with this additive. At this level, the mmm and maximum NOx produced
were 1.57 and 2.05 g/kW hr respectively, and alsetsilll B Euro emission standards
[14] (<3.3 g/kW hr) for non-road engines. Stage Il di@mls are phased-in from the year
2006 to 2013. P phenylenediamine is the most widelgd primary antioxidant in
polymer and rubber industries and its antioxidataaivity is implemented by the

donation of an electron or hydrogen atom to a eddierivative. The kinetics involved in
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the mechanism of NOx reduction b»-phenylenediamine is highlsgomplex and there
limited understanding of the chenry involved in these processe
Benzoquinonediimine, a reaction proc of pphenylenediamine has potent antioxic
propertiesthat trap the free radicals effectiv. Ethylenediamine is a most comm
lubricating oil additive thi controls deposits in th&uel system and also effective
reduces thdriction between engine cylinder and piston ri. Ethylenediamin is a
powerful chelating agent that reduces the radical concentrations by chelating
metal catalysts.
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Figure 4.17 percentarreductions in NQwith different percentage ok
phenylenediamine
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Chapter 5

Conclusion

The effects of antioxidants addition on NOx, CO &@ emissions in a Jatropha (SVO)
and Diesel fuelled CI diesel engine at differerads have been studied in this work.
Results show the potential benefit of antioxidaddiives for NOx reduction in biodiesel

fuelled diesel engines. The main conclusions &f shiidy can be summarized as follows.

1. The presently studied antioxidant is quite effecin controlling NOx formations.
They do, however; have significantly more CO andéfi@dssions.

2. Antioxidant p-phenylenediamine showed the besss&on performance compared to
Jatropha (SVO) Diesel blends. It has shown optinh@x reduction at a level of
0.025%-m. The NOx reduction efficiency of antioxita was observed for p-
phenylenediamine mean NOXx reduction percent r@aivneat blends are 22%, 23.69
and 24.58% respectively at 0.025%-m concentratiomass.

3. There is no major change in thermal efficiercylbserved with the use of different
percentage of antioxidant.

4. The slight decrease in BSFC was observed withgnylenediamine signifies a slight

reduction in specific fuel consumption comparedéat Jatropha (SVO) blend.
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Appendix C: India’s Crude Oil Production Data

Sr. No. Year Production Change
(Thousand Barrels per
Day)

1. 1980 182 -
2. 1981 325 78.57%
3. 1982 390 20.00%
4. 1983 480 23.08%
5. 1984 519 8.13%
6. 1985 620 19.46%
7. 1986 630 1.61%
8. 1987 609 -3.33%
9. 1988 635 4.27%
10. 1989 700 10.24%
11. 1990 660 -5.71%
12. 1991 615 -6.82%
13. 1992 561.15 -8.76%
14. 1993 534 -4.84%
15. 1994 589.9 10.47%
16. 1995 703.45 19.25%
17. 1996 651.02 -7.45%
18. 1997 674.62 3.63%
19. 1998 661.42 -1.96%
20. 1999 652.66 -1.32%
21. 2000 646.34 -0.97%
22. 2001 642.4 -0.61%
23. 2002 664.75 3.48%
24. 2003 660.03 -0.71%
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25. 2004 683.11 3.50%
26. 2005 664.66 -2.70%
27. 2006 688.61 3.60%
28. 2007 697.53 1.30%
29. 2008 693.71 -0.55%
30. 2009 680.43 -1.91%
31. 2010 751.3 10.42%
32. 2011 782.34 4.13%
33. 2012 776.97 -0.69%
34. 2013 772.08 -0.63%
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Appendix D: India’s Crude Oil Consumption Data

Sr. No. Year Production Change
(Thousand Barrels per
Day)

1. 980 643 -
2. 1981 729 13.37%
3. 1982 737 1.10%
4. 1983 773 4.88%
5. 1984 824 6.60%
6. 1985 894.9 8.60%
7. 1986 947.44 5.87%
8. 1987 987.85 4.27%
9. 1988 1,083.78 9.71%
10. 1989 1,149.78 6.09%
11. 1990 1,168.33 1.61%
12. 1991 1,190.32 1.88%
13. 1992 1,274.91 7.11%
14. 1993 1,311.07 2.84%
15. 1994 1,413.27 7.80%
16. 1995 1,654.67 17.08%
17. 1996 1,740.92 5.21%
18. 1997 1,835.49 5.43%
19. 1998 1,924.37 4.84%
20. 1999 2,031.25 5.55%
21. 2000 2,147.44 5.72%
22. 2001 2,263.73 5.42%
23. 2002 2,333.44 3.08%
24. 2003 2,426.33 3.98%
25. 2004 2,571.55 5.99%
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26. 2005 2,550.25 -0.83%
27. 2006 2,701.63 5.94%
28. 2007 2,888.06 6.90%
29. 2008 2,957.30 2.40%
30. 2009 3,067.78 3.74%
31. 2010 3,115.45 1.55%
32. 2011 3,280.98 5.31%
33. 2012 3,450.00 5.15%
34. 2013 3,509.00 1.71%
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Table 1 brake thermal efficiency with respect taddor diesel, BD5, BD10 and BD15
without use of antioxidant

Load( | Efficiency Efficiency Efficiency Efficiency (%) BD15
W) (%) Diesel | (%) BD5 (%) BD10

0 0 0 0 0

500 5.34 4.97 4.89 4.67

1000 | 10.26 9.86 9.54 8.74

1500 13.23 12.49 12.03 11.54

2000 16.39 1551 14.86 14.02

2500 | 19.25 18.86 18.03 17.54

3000 19.21 18.81 17.96 17.51

3500 19.15 18.76 17.94 17.46

Table 2 brake thermal efficiency with different ¢dbtor BD5 and different percentage of
p-phenylenediamine

Load(W) | A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 0 0 0 0 0 0

500 4.97 4.88 4.75 4.73 4.7 4.68
1000 9.86 9.82 9.62 9.55 9.46 9.33
1500 12.49 12.43 12.39 12.31 12.25 12.11
2000 15.51 15.35 15.21 15.06 15.01 14.82
2500 18.86 18.75 18.65 18.62 18.45 18.34
3000 18.83 18.71 18.59 18.6 18.42 18.33
3500 18.81 18.65 18.55 18.56 18.37 18.28

Table 3 brake thermal efficiency with different ¢bfor BD10 and different percentage of
p-phenylenediamine
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Load(W) | A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 0 0 0 0 0 0

500 4.89 4.83 4.65 4.62 4.55 4.41
1000 9.54 9.41 9.3 9.25 9.11 9.03
1500 12.03 11.95 11.87 11.82 11.75 11.67
2000 14.86 14.74 14.59 14.51 14.44 14.32
2500 18.03 17.94 17.78 17.69 17.45 17.41
3000 18.01 17.91 17.72 17.62 17.41 17.35
3500 17.95 17.88 17.69 17.57 17.36 17.3

Table 4 brake thermal efficiency with different ¢bfor BD15 and different percentage of

p-phenylenediamine

Load(W) |A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 0 0 0 0 0 0

500 4.67 4.6 4.56 4.48 4.39 4.32
1000 8.74 9.15 9.05 8.89 8.8 8.73
1500 11.54 11.03 10.94 10.85 10.81 10.74
2000 14.02 13.88 13.74 13.68 13.65 13.61
2500 17.01 16.55 16.42 16.38 16.29 16.21
3000 16.59 16.49 16.38 16.32 16.25 16.17
3500 16.5 16.46 16.35 16.27 16.19 16.12
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Table 5 NOx emissions with respect to load for elieBD5, BD10 and BD15 without
use of antioxidant

Load (W) Diesel BD5S BD10 BD15
0 56 79 101 136
500 77 109 136 150
1000 105 143 180 201
1500 128 178 210 254
2000 189 219 280 327
2500 251 281 301 350
3000 278 302 324 371
3500 288 319 351 399

Table 6 NOx emissions with different load for BD&dadifferent percentage of p-

phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | A0.05%
0 79 62 51 39 44 55

500 109 94 82 65 77 83
1000 143 131 116 104 112 121
1500 178 155 141 126 133 144
2000 219 201 186 171 179 186
2500 281 265 248 233 244 248
3000 302 288 264 251 263 274
3500 319 300 289 274 281 294
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Table 7 NOx emissions with different load for BDa@d different percentage of p-

phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 101 84 71 56 66 77

500 136 121 103 85 98 111
1000 180 159 125 113 136 148
1500 210 181 162 138 151 174
2000 280 264 243 211 235 244
2500 301 278 251 221 248 264
3000 324 303 287 275 283 290
3500 351 320 304 287 299 307

Table 8 NOx emissions with different load for BDahd different percentage of p-

phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | A0.05%
0 136 118 103 71 87 101
500 150 131 113 85 103 116
1000 201 181 165 134 151 162
1500 254 238 221 201 213 221
2000 327 306 274 241 257 271
2500 350 331 305 276 291 303
3000 371 348 336 307 317 325
3500 399 379 366 335 354 371
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Table 9 HC emissions with respect to load for djeBB5, BD10 and BD15 without use
of antioxidant

Load (W) Diesel BD5 BD10 BD15
0 28 29 32 36
500 25 27 28 32
1000 24 26 27 30
1500 22 25 26 27
2000 20 22 23 24
2500 17 18 20 22
3000 15 16 18 21
3500 12 14 17 18

Table 10 HC emissions with different load for BDBdadifferent percentage of p-
phenylenediamine

Load(W) | A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 29 30 31 31 32 33
500 27 29 29 30 31 31
1000 26 27 28 28 29 30
1500 25 25 26 27 27 28
2000 22 23 23 24 25 26
2500 18 19 20 20 21 22
3000 16 16 17 17 18 19
3500 14 15 15 16 16 17
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Table 11 HC emissions with different load for BD&fAd different percentage of p-
phenylenediamine

Load

A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 32 32 33 34 36 36
500 28 29 31 32 33 35
1000 27 29 30 31 31 33
1500 26 27 28 30 31 32
2000 23 24 25 25 27 30
2500 20 22 23 24 26 29
3000 18 20 22 23 23 26
3500 17 18 19 22 23 25

Table 12 HC emissions with different load for BDaBd different percentage of p-
phenylenediamine

Load(W) | A0% A0.005% | A0.015% | A0.025% | A0.035% | A0.05%
0 36 36 37 38 38 39
500 32 33 35 36 37 37
1000 30 31 33 34 34 36
1500 27 29 30 32 32 33
2000 24 25 26 28 29 31
2500 22 24 26 26 27 28
3000 21 22 24 25 25 26
3500 18 21 22 22 23 24
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Table 13 CO emissions with respect to load foredje8D5, BD10 and BD15 without use
of antioxidant

Load (W) Diesel BD5 BD10 BD15

0 0.04 0.038 0.037 0.034
500 0.037 0.036 0.035 0.032
1000 0.032 0.029 0.027 0.026
1500 0.028 0.027 0.024 0.021
2000 0.024 0.023 0.02 0.018
2500 0.022 0.02 0.019 0.017
3000 0.023 0.021 0.02 0.019
3500 0.025 0.022 0.021 0.021

Table 14 CO emissions with different load for BDBdadifferent percentage of p-
phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | A0.05%
0 0.038 0.039 0.039 0.04 0.041 0.042
500 0.036 0.036 0.037 0.037 0.038 0.039
1000 0.029 0.03 0.033 0.033 0.034 0.035
1500 0.027 0.027 0.028 0.028 0.029 0.031
2000 0.023 0.023 0.024 0.025 0.025 0.026
2500 0.02 0.021 0.021 0.022 0.023 0.023
3000 0.021 0.021 0.022 0.023 0.023 0.024
3500 0.022 0.022 0.023 0.024 0.025 0.026
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Table 15 CO emissions with different load for BDafd different percentage of p-
phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 0.038 0.038 0.039 0.039 0.04 0.041
500 0.036 0.035 0.036 0.037 0.037 0.038
1000 0.029 0.027 0.027 0.028 0.029 0.03

1500 0.027 0.025 0.026 0.026 0.027 0.028
2000 0.023 0.022 0.022 0.023 0.024 0.024
2500 0.02 0.02 0.02 0.021 0.023 0.024
3000 0.021 0.02 0.021 0.022 0.022 0.023
3500 0.022 0.023 0.024 0.024 0.025 0.026

Table 16 CO emissions with different load for BDabd different percentage of p-
phenylenediamine

Load A0% A0.005% | A0.015% | A0.025% | A0.035% | AO0.05%
0 0.034 0.035 0.035 0.036 0.037 0.037
500 0.032 0.032 0.033 0.033 0.034 0.035
1000 0.026 0.027 0.028 0.028 0.029 0.03

1500 0.021 0.02 0.021 0.022 0.023 0.024
2000 0.018 0.019 0.02 0.021 0.021 0.022
2500 0.017 0.017 0.018 0.018 0.019 0.02

3000 0.019 0.018 0.019 0.02 0.02 0.021
3500 0.021 0.021 0.022 0.023 0.023 0.024
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