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ABSTRACT

A depletion of fossil fuel source and fluctuating fuel price led researchers to focus on developing new agro-
based alternative fuels, which will provide sustainable solution to the energy crisis. The trend of using
vegetable oil as an alternative fuel for diesel engine dated late 20" century but until now a research is
continued due to its benefit. Straight vegetable oils could be used directly but they need modification in
order to minimize their effect on the engine life. Presently, bio-diesels, which are obtained from trans-
esterification of straight vegetable oil (SVO), are being used along with diesel in blends. The advantages
of biodiesels and vegetable oils are renewability, biodegradability and they are oxygenated. Although many
researches pointed out that it might help to reduce greenhouse gas emissions, promote sustainable rural
development, and improve income distribution, there are still some resistances exist for using them.
Experiment evaluation of the use of several vegetable oils as potential fuel sources is giving a promising
result. Initial engine performance tests using vegetable oils were found to be acceptable, while noting that
the use of these oils caused carbon build up in the combustion chamber and some engine hard ware
wearing. Jatropha is one of the promising vegetable oil. So this paper focuses on the study of the effect of
Jatropha straight vegetable oil when it is used as a fuel for diesel engine by blending it with diesel fuel. The
objectives of this thesis work was to characterize the fuel and engine lubricating oil after the test conducted
and the carbon deposit formation and engine component wearing measured. And its scope was on diesel
engine fuel from preparing a blend of Jatropha straight vegetable oil with diesel fuel and run an engine
test so that finally measure and quantifying the effects of the fuel blend. The methodology of the study starts
from careful identification of the methods which has been used to blend fuels with alternative fuels and
after preparing the experimental set up. After the blending the test on diesel engine runs for 75 hours. After
the test or the experiment has been executed measuring the effects of the blended fuel on engine components
and engine lubricating oil has been measured and finally the effects due to the blend fuel has been compared
to the straight vegetable oil and diesel fuel. In this thesis work a test has conducted using Jatropha curcas
oil and diesel fuel blend with a proportion of 20/80% and using a single cylinder direct injection diesel
engine (DY-23 engine). The physio-chemical properties of the fuel and the lubricant property after the
engine runs for 75 hours has been characterized. Wear of the engine parts and the carbon deposit formed
are measured and reported. Finally around 7.74g of carbon deposit has been found which is less than that
of straight vegetable oil which is above 13.54g of carbon deposit is formed. promising result has been
obtained to use Jatropha curcas oil by blending up to 20% and it is recommended that preheating the fuel
would be great to minimize the unwanted effects on the engine life.

Key words: straight vegetable oil, blended fuel, lubricant oil, carbon deposit, engine wear.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the study

At first the innovation of internal combustion engine and fossil fuels were very welcomed and it
was the greatest technological and scientific development by the time. However, when the number
of vehicles around this wide world increases led to the depletion of petroleum reserves and an
increase in environmental pollution. Limited reserves of fossil fuels and environmental pollution
concerns have resulted in increased interest in renewable low polluting alternative fuels.

It is known that, many studies have been studied around the world to develop a better alternative
fuel or energy source which can substitute petroleum fuels for the designed engine. Different type
of alternative fuels have found recently from different sources. These findings may minimize the
frustrations due to the limited reserve of petroleum fuels. And also helps to control the fluctuating
cost of petroleum products. Furthermore to reduce the effect of environmental pollution due to
petroleum fuels. Many alternative fuels are produced recently such as biodiesels, alcohols,
hydrogen, even electricity uses as an alternative fuel.

Since most countries are importing petroleum fuels and the price of these petroleum fuels is
fluctuating, it led to growing interest in using biodiesel, an alternative fuel made from vegetable
oils. Some countries have expressed their interest in using straight vegetable oil (SVO), or waste
oils from cooking and other processes, as fuel. These oils seem to be appealing because they are
obtainable from agricultural or industrial sources without intermediate processing. However, SVO
and other waste oils are generally not considered acceptable vehicle fuels for large-scale or long-
term use due to their side effects on engine life of the vehicle.

The use of biodiesel and vegetable oil fuels is dating back to 1892 when Rudolf Diesel
demonstrates his new innovation diesel engine using peanut oil as fuel. Using such oils can reduce
environmental pollution, fuel price fluctuation, and have some other advantages. Rudolf Diesel
envisioned using vegetable oil as a fuel of his engine, as he stated in his 1912 speech saying "the
use of vegetable oils for engine fuels may seem insignificant today, but such oils may become, in
the course of time, as important as petroleum and the coal-tar products of the present time” from
Chasen & Fasano, 2009. At the 1900 World Exhibition in Paris, a diesel engine was demonstrated
running on peanut oil. In fact, the general feeling in the early 20™" century was that vegetable fuels
would be the primary fuel for diesel engines, and biodiesels were widely used until the 1920s.

However, during the 1920's, diesel engine manufacturers altered their engines to utilize the lower
viscosity of fossil fuel, best known as petro diesel, rather than to run on biomass vegetable oil fuel.
The first patent of biodiesel fuel derived from palm oil was granted in 1937. In 1938, J. Walton
promote the use of FAME (Fatty Acid Methyl Ester) from which glycerol had been removed
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discussed by Chasen & Fasano, 2009. During the shortage of fuel in 1970’s and 1980’s, interest in
alternative fuels was again revived.

Biodiesel is a mono-alkyl ester of fatty acid which can be derived from vegetable oil or animal
fats. Among those vegetable oils Jatropha straight vegetable oil can be directly used in diesel
engine. The basic composition of this compound is triglyceride, which consists of three fatty acids
and one glycerol molecule. Biodiesel can be obtained when this vegetable oil reacts with alcohol
to produce mono-alkyl ester.

According to Many studies involving vegetable oils as a primary source of energy particularly,
during the early 1980's, confirms that the possibility of using unmodified vegetable oils as a
replacement for diesel fuel and there is no question that vegetable oil can be placed in the tank of
a diesel powered vehicle and the engine will continue to run and deliver acceptable performance
[32].

Despite the success when diesel engines are operated on vegetable oil for short term performance
tests, the real measure of success when using vegetable oil as a diesel fuel extender or replacement
depends primarily on the performance of vegetable oils in engines over a long period of time [28].

The viscosity, chemical and physical property differences between SVO and the diesel fuel for
which direct injection diesel engines are designed, lead to several issues and the unburned fuel
buildup can infiltrate the engine lubrication oil, potentially leading to the engine wear[17].

The major causes of engine malfunction due to lubricant quality are deposit formation,
contamination, oil thickening, oil consumption, ring sticking, corrosion and wear. The
environment in which it operates affects lubricant stability. Factors such as temperature, oxidation
potential and contamination with water, unburned fuel fragments and corrosive acids limit the
useful life of a lubricant. This is the area where additives have made a major contribution in
improving the performance characteristics and extending the useful life of lubricants.

1.2 Problem statement

In many studies it is reported that vegetable oils are becoming the promising substituent of diesel
fuel and Jatropha curcas oil is among them. Jatropha straight vegetable oil can be used directly to
substitute and perform as a diesel fuel mostly for stationary diesel engines. But from the studies it
is observed that using the vegetable oil directly without any modification on them will cause
shorter engine life. This early failure of the engine is due to the properties of the straight vegetable
oil. Some published literatures indicate that using straight vegetable oil can extremely affect the
engine life. To avoid such a problem basically the researchers work on modification of engine
itself or modification of vegetable oil properties.

Modification of engine design is the best solution to use these alternative fuels but modifying the
engine and make it compatible with the fuel is very tedious, complicated, and not economical.
There are some methods of modifying properties of vegetable oil to use as a fuel but some of them
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are very complicated and need huge plant and long processes. Engine component wear and the
formation of carbon deposit are the major causes which extremely affects the life of the engine.

The effects on engine components and engine oil induced while using straight vegetable oil and
the formation of carbon deposit has been studied by researchers. For those studies which are
conducted using straight vegetable oils they suggest that the problems found while using SVO may
be minimized if we modify the vegetable oils. In this thesis work, a blend of Jatropha curcas oil
and diesel fuel with a ratio of 20% by 80% is used to run the engine and study the effects on the
engine components, engine oil and the amount of carbon deposit formed.

1.3 Objective of the study

1.3.1 General objective
The general objective of this thesis work is to study the effect of Jatropha curcas oil and diesel fuel
blend on engine lubricant, wearing effect on engine components and carbon deposit formation
inside the diesel engine.

1.3.2 Specific objectives
The specific objectives of the study are:

= To characterize the properties of B20.
= To characterize the properties of lubricating oil after 75 hours run.
= To measure the wear of engine parts.

= To measure the carbon deposit.

1.4 Significance of the study

Recently using blends of vegetable oils and biodiesels become common to use as diesel engine
fuel in diesel engines without any major modification of engine, engine materials or engine oil.
Studies have shown that JSVO is proved to be an alternative fuel to diesel engine. But as much as
it is useful it also cause engine early failure due to its difference in composition with petroleum
diesel fuel.

So, some modification to the engine hard ware and operating system can solve the problem but it
may take too long time. Therefore, this type of study can reduce the time and cost it takes to modify
engine design. By preparing good blend of SVO and diesel fuel it is possible to minimize the
effects of SVO to the engine components and engine lubricating oil.

U Tothe people and the country it reduces the cost of the fuel and the amount of the petroleum
diesel imported.

U To those who use Jatropha vegetable oil for their diesel engine to indicate how they extend
the life of the engine by reducing component wearing.



U To the company’s it reduce the time and tedious work of modifying engine design for
vegetable oils.

1.5 Scope of the study

The scope of this study includes preparation of blend (B20) of Jatropha curcas oil and diesel fuel
and running a test on small scale diesel engine to investigate the effects of it on the engine
components and engine oil. And disassembling the engine after testing the blend with diesel
engine. Measuring wear of engine components and the amount of carbon deposit. It also covers
the characterization of the fuel B20 and the lubricant oil after test is conducted.



CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

The reliance and the fluctuation of fuel price and also the depletion of fossil fuel led to growing
interest in alternative fuels which could be made of vegetable oils. However, there is also an
interest to use straight vegetable oil (SVO) or raw vegetable oil (RVO) directly without any
intermediate process or any change. The development of biofuel sector gives a hope for the
countries those which implement it [1].

Many vegetable fuels are being investigated as potential substitutes for the current high pollutant
diesel fuel derived from diminishing commercial sources. Vegetable oils may provide one such
alternative and their potential has been examined in the past years by several researchers. Many of
the researchers have indicated that the successful use of vegetable oil is a function of engine type.
Vegetable oil cannot be safely used in an indirect injection naturally aspired and air cooled engine
for long periods of time.

This problem is related to the high viscosity of vegetable oils which causes in adequate atomization
and incomplete combustion. Another problem associated with the use of vegetable oil as a
substitute of diesel fuel is the reactivity of the unburned fuels, which is the cause of fouling in
injector nozzle and cylinder deposition. A major problem to be encountered with the more
widespread use of the diesel engine, however, is the emission of particulate matter which is smoke
comprising carbon and unburned hydrocarbons. This has been the subject of much recent public
concern over possible effects on human health, and particularly respiratory disorders in urban
environment [2] and [3].

Studies show that one alternative and demonstrable effective way of reducing the emissions of
smoke and oxides of nitrogen is to emulsify the vegetable oil fuel with a small proportion of water.
This leads to improved atomization and lower-combustion chamber temperature. A way of
reducing the viscosity of the vegetable oil fuel is to blend it with some proportion of diesel fuel by
volume or/and preheating the vegetable oil before it is admitted to the combustion chamber. Some
researchers in different country made efforts to use vegetable oil as a diesel fuel substitute with
minimal fuel processing and no engine modification. To take advantage of emulsification as a way
of improving the combustion of vegetable oil in diesel engine, some amount of water could be
introduced in the vegetable oil during the extraction process. The performance of Jatropha/diesel
fuel blends in a diesel engine has also been studied [4].



2.2 Production of Jatropha vegetable oil

Before extracting we need to identify what Jatropha tree seems like, [5] and [6] reported that the
general description about the Jatropha tree and it is a large shrub with 3-5 meters height and could
grow 8-10 meters height with a comfortable environmental condition as shown below on figure
2.1. The branches of the tree contain latex, roots are formed from seeds, one central and four
peripheral. Cuttings, when planted do not form tap root. The plant is monocots and flowers are
unisexual. As [5] referred the life span of the plant is more than 50 years.

Figure 2. 1 Jatropha tree hedge around a homestead [5].

The extraction and production of Jatropha vegetable oil has been reported by different researchers
at different time. [7] Indicated that the oil content by weight for Jatropha dry seed is around 55%.
However, the extraction method which has been used for production of Jatropha vegetable oil from
Jatropha seed and the feed stock quality of the production process affects the amount of oil
produced. Even though, some researchers discussed three types of production methods but [7]
identified that there are two main methods of extracting the oil. According to this study the two
main extraction methods are the chemical extraction method which uses some solvent as an
extractor and the mechanical extraction method by using either a manual mechanical press or an
engine driven-expeller.

Different papers discuss that the type of the extraction method gives different results among those
[8] has reported that the first type which is solvent extraction method with n-hexane could produce
about 41% yield by weight from Jatropha seed. In [9] it is reported that around 30 or 38% oil could
be extracted by using engine driven expeller from dry seed of Jatropha and in their study 30.8%
of oil was extracted from 12,782 tons dry seed in Nicaragua.

In [10] it is reported that using a simple mechanical cracking machine and screw-press oil
extraction process. After the harvested Jatropha fruit was dried for three to four days before
cracking figure 2.2 shows the fruit and seed of Jatropha. Then the dried fruit about 150 kg was



fed into the cracking machine. About 41.8 kg of seeds was obtained after cracking Jatropha seeds.
And using screw-press machine it results 11.71 kg Jatropha oil and 30.09 kg press cake. It means
about 28% of crude oil by weight per kg of the Jatropha seed has been extracted.

Figure 2. 2 Jatropha fruit and Jatropha seed

2.2.1 Mechanical manual Ram-pressing method

The mechanical ram pressing method of oil extraction is the one method which is currently used
for many studies from [11] discussed the process of extraction starting from shelling which is the
removal of seen coat at the beginning up to the end production of the oil which is filtration of the
oil from solid particles of the waste product and some other additives. Figure 2.3 below shows the
production process using ram pressing extraction process.

As it is shown from the flow chart the next step after shelling is milling which is the uncoated seed
of Jatropha is milled in to dough by using corn mill machine. After milling the moisture content
of the oil has to be determined and it must be 12% wet bulb. If not water will be add or remove to
reach 12% wet bulb moisture content. After the moisture is set the rolling process will continue to
make the dough to balls of 1 kg by weight.

Then the rolled dough which are the balls are heated up to 75-80°C by pacing items in to an oven
so that the temperature of the rolled balls raised. This process makes the extraction of oil easier
while the dough and balled goes through the ram-press machine. The pressing process extract the
oil from the balls and after the pressing the oil will passes under some filtration process by using
another machine (figure 2.4) and the final Jatropha vegetable oil is well filtered.



» This is to remove the seed coat

« The unshelled seeds were milled in to dough using the corn mill machine

« If moisture is less than 12% w.b add water or ealse

PEENIIES « Remove water to achieve 12% moisture content.
moisture

content

« Dough rolled into balls of about 1kg by weight

* Rise the tempreture of the rolled dough to 75-80°C placing them in an oven.

* Rolled and heated dough was pressed using ram press machine.

» The oil was collected and filterd.

Figure 2. 3 Flow chart for oil extraction using the mechanical ram-press [11].



Figure 2. 4 Qil filtration machines for crude Jatropha oil

2.2.2 Mechanical engine driven expeller pressing method

An electrified press machine shown below figure 2.5 could be used for production of vegetable oil
in some countries. The aim of the pressing process is to separate the oily phase from the solid
phase of the seed material. In large-scale facilities, two different pressing techniques are used for
the separation of oil from the seed. The first one is pre-pressing of the flaked seeds which leave
about 15-20% oil in the press cake. Today, this is the commonly used technique, which is followed
by the extraction of the press cake by solvent. The advantage of pre-pressing is that a press cake
is formed from the small flakes which allow a good solvent contact and percolation in the extractor.
The result is an optimized removal of oil from the seeds. Extraction by combining screw press and
solvent extraction has the economic advantages — low costs using a screw press and higher oil
yield using solvent extraction [12].

Figure 2. 5 Press machine for production of Jatropha oil used in Zambia
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The other technique is a more extensive pressing of the oilseed without further extraction by
solvent. This straight pressing is interesting for oilseeds with high oil content, where it is no
problem to get over the release of some percent of oil in the residue. Nowadays, this method is
used only barely in large-scale facilities since it is not possible to reduce the oil content to less than
5% oil in the press cake by this technique. From an economical point of view, this is not sufficient
for this type of oil mill. Nevertheless, this technique has the advantages of lower investment and
maintenance costs and of achieving higher oil quality. [13]

2.2.3 Chemical extraction method using solvent n-hexane

Some researchers reported that the assumption on the content of oil in dry seed of Jatropha is 55%
and they discussed that the efficiency of extracting it from the seed is higher while using solvent
extraction with n-hexane than mechanical press method [5].

In [6] it is reported that the oil yield for Jatropha seed depends on the method of extraction; it is
28-32% using presses and up to 52% by solvent extraction. Also it is described as non-edible oil
since the seeds are toxic. In [6] the toxicity of Jatropha is due to the presence of curcasin (a
globulin) and Jatrophic acid (as toxic as ricin).

Despite its explosiveness of n-hexane while exposed to or contacts with oxygen it is highly
recommended that under a controlled processing the extraction efficiency of this solvent is very
high due to its cost is cheap and its chemical property. The basic properties used for oil extraction
with n-hexane is that its high solubility with oil at low temperature, has an appropriate boiling
temperature, noncorrosive to metal, does not react chemically with the oil, stable under the process
conditions, not mixable with water, which eases the separation of water from the seeds, and it is
easily and completely removed from the residue with low energy input and without impairment of
the raw oil. But it is also discussed that using n-hexane has some disadvantages related with safety
[12].

2.3 Physical and Chemical property of Jatropha vegetable oil

The physical and chemical properties of many vegetable oils and petroleum diesel oils are very
extremely different when we compare each other. VVegetable oils are unlike diesel oils they may
be edible or they might be non-edible like petroleum diesel oil. Basically vegetable oils are driven
from plants so they are lipid in their form. Even though they can be used for diesel fuel substituent
due to their chemical structure they are not comparable with diesel engines like diesel fuels.
Petroleum based diesel contain only carbon and hydrogen atoms arranged in straight chain or
branched chain structures, and aromatic configurations. Diesel fuel normally can contain straight
or saturated and unsaturated branched chains of hydrocarbon but vegetable oils contain different
alkyl groups of long chain these long chains may cause oxidation problem [14].

From [15] it is discussed that in large sized vegetable oil molecule the presence of oxygen mainly
affects the fuel properties of different vegetable oils and make them unsuitable to run diesel
engines. Vegetable oil consists of about 97% triglycerides; the remaining 3% for di-glycerides,
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mono-glycerides and free fatty acids. Chemical structure of triglyceride molecule found in many
vegetable oils is represented as shown below in the Figure 2.6. Structurally, triglyceride is a
reaction product of a molecule of glycerol with three fatty acid molecules, yielding three molecule
of water and one molecule of triglyceride [15].

H,C— 0— ¢— (CH.),s CH;

[o]

HC — O — C— (CH,); CH=CH(CH,), CH,

o
|

H.C— O — C— (CH;); CH=CHCH,; CH=CH(CH_), CH3

Figure 2. 6 A structure of typical triglyceride molecule [16].

According their characteristics of a variety of vegetable oils fall within a narrow band and are
closer to those of diesel oil. According to studies, the kinematic viscosity of vegetable oils lie’s
between 30 and 60 cSt at a temperature range of between 20 and 40%. Vegetable oils have high
molecular weights, which are three or more times higher than diesel fuel due to this and their
chemical structure they have high viscosity. The flash point of vegetable oils is also very high
(>200 °C). Their heating value is at the range of 36-40 MJ/kg, which is comparatively lower than
that of diesel fuels (42-46 MJ/Kg). This is because the presence of chemically bonded oxygen in
vegetable oil lowers heating value by about 10%. Cetane number is in the range of 32-40, while
the iodine value ranges from 0 to 200, depending upon unsaturation. The cloud and pour point of
vegetable oils are higher than that of diesel fuel [7]. Key properties of Jatropha oil and diesel are
summarized in Table 2.1 below.

Advantages of vegetable oil as engine fuel lie in their renewable nature and wide availability of
sources and their economic advantage for petroleum importing countries like Ethiopia. This is
particularly attractive to countries lacking source of liquid fossil fuels. It can also be produced on
small scale for on-farm operation to run tractor, pump and small engine for power generation. Such
fuel contains potential for lower contribution on combustion to the atmospheric concentration of
carbon dioxide than from the fixed carbon in fossil fuel. It is clear that the use of vegetable oil as
fuel in diesel engine depends upon their physical and chemical properties, and on their combustion
characteristics as well as the type of engine used and operating conditions [8].
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Table 2. 1 Physio-chemical properties of diesel and Jatropha vegetable oil [17].

Property Diesel oil Jatropha oil
Density (kg/m?®) 830 918
API gravity 37.15 22.81
Kinematic viscosity at 40°C (cSt) 2.5 37
Cloud point (°C) -12 9
Pour point (°C) -17 4
Flash point (°C) 70 238
Calorific value (KJ/kg) 42,200 37,500
Carbon residue (%,w/w) 0.05 0.8
Ash content (%,w/w) 0.01 0.04
Carbon (%,w/w) 86.71 77.21
Hydrogen (%,w/w) 12.98 10.25
Nitrogen (ppm) 5 3
Oxygen (%,w/w) 0.31 12.52
Sulfur (ppm) 340 8

From studies to use such vegetable oils for diesel engine as an alternative fuel the physical and
chemical properties has to be modified to make it suitable for the engine. The fuel has to be
modified to bring their combustion properties closer to diesel. This fuel modification is mainly
aimed at reducing the viscosity to eliminate flow and atomization related problems. It can be
modified in four ways listed below.

Pyrolysis/Thermal Cracking
Dilution/blending,
Micro-emulsion,
Trans-esterification.

Mo e

2.3.1 Pyrolysis/Thermal Cracking

In the absence of oxygen a thermal treatment can be used to alter the physical and chemical
properties of vegetable oils and the process is called pyrolysis. In [18] it is discussed that other
means of achieving a change in chemical and physical property is using some catalyst in the
process of pyrolysis. Vegetable oils can be cracked to shorter chain alkanes, alkenes, aromatic
hydrocarbons and carboxylic acids some of which may be suitable for use in diesel engines [19].
In [20] it is reported that a successful pyrolysis of soy bean oil, cotton seed oil and other vegetable
oils to obtain alkenes aromatic hydrocarbons and carboxylic acids which had lower viscosities,
flash point and equivalent calorific values.
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2.3.2 Blending or Dilution

This is the physical process of preparing a solution of vegetable oil and mineral diesel. The sole
purpose of this process is to reduce the viscosity and to alter other properties of the vegetable oils
according to [21] and [22]. According to the study under [11] blending has an additional advantage
of increasing the calorific value of the vegetable oil and brings it close to diesel oil. A report on
[22] that the calorific values of blends of B5 (5% Jatropha and 95% Kerosene), B10 (10% Soybean
and 90% kerosene) and B5 (5% Palm oil and 95% kerosene) were actually higher than that of
kerosene. This was however not corroborated by in a similar study. It is also reported that the
calorific value of B5 (5% Jatropha and 95% kerosene) as coming close to that of kerosene and not
above it.

Many researchers have conducted test of blends of vegetable oils and diesel on CI engines and
findings reported are equally many and varied. On [21] it is reported that coconut oil blends with
diesel can replace diesel in Cl engines in spite of lower engine speeds and higher fuel consumption
for a given power output.

In [23] also reported that up to 50% of diesel could be replaced with Jatropha without any major
operational difficulties. He however advocated for a long term durability test like a researcher [24]
reported that a straight vegetable of Jatropha curcas oil used for endurance test and the engine used
stopes after working for 69 hours and finally he suggested that Jatropha oil could be used for diesel
engine substituent with some present of blending. Engine failure in engines with 50% vegetable
oil in long term durability test has been reported by some other researchers.

Now a days the attention of researchers engaged with the issue of optimal blend of vegetable oil
and diesel. In [11] it is reported that 2.6% Jatropha and 97.4% diesel was the optimum blend giving
higher performance characteristics more than diesel alone. Other researchers have reported
different values using same and different vegetable oils. In [19] reported 50% linseed oil blend to
be the optimum whiles 30% mahua oil was reported by the same researchers as being more
thermally efficient. 20% rice bran oil blend with diesel was also reported by [22] to have minimum
brake specific fuel consumption.

In many papers it is reported that 10% Jatropha and 90% diesel as having the lowest fuel
consumption rate and efficiency higher than that of pure diesel alone at mid loading conditions of
41.55N and a corresponding torque of 4.77Nm. Using blends of cotton seed oil and conventional
diesel, concluded that 30% cotton seed oil and 70% diesel was optimal in terms of thermal
efficiency and stability of fuel. Engine test conducted by Sims, as reported in [25] using blends of
rape seed oil and diesel indicated that 50% substitution of diesel did not lead to any significant
power loss.

However, long durability test showed injector pump failure and cold starting problems. [25] Also
reported that 25% and 50% Crude Palm oil (CPO) suffered power loss under light load and
comparable power under high loading conditions. After an extensive literature review, Peterson
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and Jones (2001) concluded that engine durability was questionable in blends containing more
than 20% vegetable oil; however, more research should be conducted to see if 20% or less
vegetable oil could be used as a fuel extender.

One can see that results reported by various researchers using different vegetable oils blended with
diesel and other fossil fuels are quite different in different aspects and the advantages of vegetable
oils. The logical question to ask then is; does the optimal blend depend on the source of vegetable
oil or other factors may contribute to it? And is it economical to blend vegetable oils to use for
diesel engines?

In terms of economics, blending of vegetable oils have been reported by Cloin (2007), as being
relatively cheaper to produce than trans-esterifying the vegetable oil to produce biodiesel and also
to redesign the engine. And in [26] it is discussed that diesel can be blend with ethanol and at
different ratio and the emission could be reduced at high speed and the performance can be
developed. If ethanol could be blended with fuel why not vegetable oils could be blended and give
such a good result due to their property which is very comparative with diesel.

2.3.3 Micro-emulsion

The process called Micro-emulsion is a formation of micro emulsions (co-solvency) is one of the
four potential solutions for solving the problem of vegetable oil viscosity. Micro emulsions are
defined as transparent, thermodynamically stable colloidal dispersions in which the diameter of
the dispersed-phase particles is less than one-fourth the wavelength of visible light [27] .

In [19] it has been proposed and investigated as a remedy to the problem of high viscosity of
vegetable oils. The dimensions of the fluid microstructures are in the range of 1-150nm. Some
literatures reported that higher fuel consumption, similar power producing capability and higher
thermal efficiency at higher loads for micro emulsion of ethanol and mineral diesel. Though micro-
emulsions are reported to improve spray characteristics by explosive vaporization of the lower
boiling constituents [19] and it is reported that micro-emulsions are difficult to produce and do not
provide consistent result.

2.3.4 Trans-esterification

The reaction between a triglyceride and an alcohol (ethanol or methanol) in the presence of a
catalyst (NaOH or KOH) to produce an ester also known as the production of biodiesel in some
literature and glycerol is known as trans-esterification as shown on figure 2.7 below. Trans-
esterification has been reported to be the best method of utilizing vegetable oils in Cl engines and
the process is reversible [20] and [19]. The quality of the fuel is greatly improved when trans-
esterified as the viscosity of the oil is considerably reduced whiles improvement in Cetane number
has also been reported [20] and others.

According to some studies [28], eleven percent of biodiesel is oxygen thus complete combustion
is assured as compared to diesel. Trans-esterification is often considered expensive especially for
an agrarian economy like Ethiopia and other countries [5] at the moment, all the possible raw
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materials except the vegetable oils will have to be imported and since the local technology is very
rough and backward. In spite of the fact that biodiesel fueled vehicles do not require significant
modification to the engine the process of transfection is advantageous but trans-esterification
process is very costly due to its additional process and equipment’s it also require a huge company.

CH,00R CH,0H
ILHDUR + 3CHOH JCH,00CR + (|:HOH
I!ZHEODR éHIOH
Triglyceride Methanol Methyl ester Glycerol

Figure 2.7 Structure of triglyceride and transesterification reaction [20].

2.4 Production of bio-diesel from vegetable oll
Biodiesel is a liquid biofuel obtained by chemical processes from vegetable oils or animal fats and
an alcohol that can be used in diesel engines, alone or blended with diesel oil [6].

The process used to produce biodiesel is called transesterification as it is discussed on 2.3.4. In
[29] the process of transesterification is defined as an ester reacts with an alcohol to form another
ester and another alcohol. The most efficient catalysts for this reaction are KOH or NaOH. Three
mole methanol’s react with one mole triglyceride which produces mixture of fatty esters and
glycerin. The industrial-scale processes for transesterification of vegetable oils were initially
developed in the early 1940s to improve the separation of glycerin during soap production [29].
The reaction is described with a chemical reaction diagram in the Figure 2.8 below. Where the
representation of R is for a long chain hydrocarbon mostly called fatty acid chain.

CH,— O —C—R

‘ 0 (o) CH, —OH
| (NaOH) | I
CH,— 0 —C—R + 3CH;:OH ——» 3CH; — 0 —C —R + CH —OH
O CH, —OH
CH;,— O —C—R
Triglyceride Methanol Esters Glycerol

Figure 2. 8 A chemical reaction of biodiesel production [29].

This chemical reaction converts an ester which is triglyceride from vegetable oil into a mixture of
esters of the fatty acids that makes up the oil and glycerol. Biodiesel is obtained from the
purification of the mixture of fatty acid methyl esters (FAME). This process it accelerated using
catalysts and according to the catalyst used the process can be called acidic, basic and enzymatic
[30], [31] and [32] .
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2.5 Vegetable oil and diesel fuel blending

It is not new to use vegetable oil for internal combustion engine especially for diesel engine. The
advantages of vegetable oils as a fuel for IC engine is been studied. Since it can be produced
domestically with three simple methods it helps to reduce once country petroleum import cost, and
the important behaviors of vegetable oil is biodegradable, nontoxic, contains low aromatics and
Sulphur contentment than petroleum diesel. It is known that vegetable oils are environment
friendly [16].

Without modifying the engine or engine component it is useable [33]. However there are some
problems and challenges with related to the cost and the primary choice of vegetable oils either for
food or fuel. The conflict of Food-fuel on vegetable oil is the very concerning issue. Since Jatropha
oil is non-edible oil the food-fuel conflict is no longer a problem with it. It is known that at low
temperature the viscosity of vegetable oil can Couse a serious problem for the engine. For such a
problem blending with diesel oil and heating it before using it could be the solution.

Researchers study the possibilities of operating diesel engine with different vegetable oils such as
[16], [34], [35] and [36]. [16] Have seen a great potential for substituting different vegetable oils
and investigate on diesel engine and on his report shows that there were acceptable fuel potential.
To replace diesel oil with vegetable oil, many researches and testes has been done during 1980’s,
1990’s up to now. To determine the best suited vegetable oil for diesel engine [34] studied the
characteristic properties of eleven vegetable oils.

Research on vegetable oil use in diesel engine is still progressing today. A study by [37] presented
the results of exhaust emissions characteristics of ordinary Malaysian coconut oil blended with
conventional diesel oil in a diesel engine. The results showed that the addition of 30% coconut oil
with diesel oil produced higher brake power with a net reduction in exhaust emissions.

The experiments were undertaken by [38] to test a diesel engine using oil composed of cottonseed
oil and conventional diesel fuel. The experimental results showed that a mixing ratio of 30%
cottonseed oil and 70% diesel was optimal in ensuring relatively high thermal efficiency of the
engine. Research published by [39] briefly reviewed the use of hazelnut oil as an alternative fuel
in pre-chamber diesel engines, and compared it with diesel. The results showed that the hazelnut
oil may be employed in most diesel operating conditions in terms of the performance and emission
parameters without any modification or preheating of the fuels.

An experimental investigation has been carried out to analyze the performance and emission
characteristics of a Cl engine fueled with Karanja oil and its blends with petroleum Diesel (K10,
K20, K50 and K75) by [22]. The effect of temperature on the viscosity of Karanja oil has also been
investigated. A series of engine tests, with and without preheating have been conducted using each
of the above fuel blends for comparative performance evaluation. The results of the experiment in
each case were compared with baseline data of diesel fuel. Significant improvements have been
observed in the performance parameters of the engine as well as exhaust emissions, when lower
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blends of Karanja oil were used with preheating and also without preheating. Karanja oil blends
with diesel (up to K50) without preheating as well as with preheating, can replace diesel for
operating the CI engines, giving lower emissions and improved engine performance.

A study on [40] investigated raw rapeseed oil (RRO) and its blends (RRO20 and RRO50) in a DI
diesel engine. The effects of fuel preheating to 100°C on the engine performance and emission
characteristics of a Cl engine, fueled with rapeseed oil diesel blends were clarified. Results showed
that preheating of RRO lowered its viscosity and provided smooth fuel flow.

It can also be concluded that preheating of the fuel has some positive effects on engine performance
and emissions when operating with vegetable oil. [33] Reported that by using a heat exchanger,
preheated Jatropha oil has the potential to be a substitute fuel for diesel engines. Optimal fuel inlet
temperature was found to be 80°C considering the brake thermal efficiency, brake specific energy
consumption and gaseous emissions. A comparable engine performance and emissions are
reported by [41] using preheated peanut, sunflower and canola oils in two DI diesel engines.

Seven non edible vegetable oils has been reviewed in [42] including Jatropha oil as an alternative
fuel for diesel engine. Jatropha oil was identified as a leading candidate for the commercialization.
The scientific name of Jatropha is Jatropha curcas L. and Jatropha oil is one such kind of non-
edible vegetable oil. Not only does Jatropha have a yield of well over 200 gallons of oil per hectare
per year, eleven times that of corn (Khan et al., 2009), it also increases the fertility of the land on
which it is grown so that it can potentially be used for food crops in subsequent years. Jatropha is
a perennial which can grow in arid conditions on any kind of ground, and does not suffer in
droughts or require irrigation. Therefore, unlike the common biofuel crops of today (corn and
sugar); they are very easy to cultivate, even on poor land.

Jatropha is fast growing, begins yielding oil in the second year and continues for forty to fifty years
[43]. Optimal yields are obtained from the sixth year. [44] Investigated Jatropha oil and its methyl
ester to find out their suitability for use as petro-diesel. Different properties of Jatropha oil were
experimentally determined and compared with theoretical equations developed in the study. The
study suggested that Jatropha oil can be used as a source of triglycerides in manufacture of
biodiesel cost-effectively. [23] Investigated Jatropha oil in a diesel engine. Acceptable thermal
efficiencies of the engine were obtained with blends up to J50. The study under [11] examined the
performance of Jatropha oil blends in a diesel engine. The most significant conclusion from the
study was that the J2.6 produced maximum values of brake power and brake thermal efficiency as
well as minimum values of specific fuel consumption. In papers [22] and [40] it is indicated that
the successful use of Jatropha oil is a function of engine type, and percentage of Jatropha oil in the
blends.

This study was therefore [43] undertaken at the Asian Institute of Technology (AIT), Thailand to
gather information on the behavior of a diesel engine when operated with Jatropha oil and its blend
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with diesel at different proportions. The objective of this study was to identify the best Jatropha-
diesel blends, for which the engine performance is similar or better than that of diesel fuel.

From the literature [21] it is discussed that the density of diesel oil lies between the range of 0.836-
0.850 and the density of SJIVO is 0.9392 also the kinematic viscosity is between 4-8 for diesel and
52.76 for SJVO. Blending this fuels with the proportion of 20:80 J: D these physical properties
show a reduction of viscosity and density of vegetable oil. According the literature [21] the density
shows 0.862 and the kinematic viscosity reduced to 6.932 which are more likely with diesel fuel
at the temperature of 30°C. From [10] it is discussed that the blends J:D 5:95, 10:90 and 20:80
their kinematic viscosity’s are found to be around 3.94, 4.63 and 6.5 ¢St at 40°C respectively. And
it is discussed that the less percentage of JVO and more Percentage of diesel gives more close
property to Diesel fuel.

Some papers and [23] discussed that this vegetable oil (JVO) can be preheated to reduce the high
viscosity of it before running on diesel engine. But [23] reported that a blend of vegetable oil with
diesel with a proportion of J: D, 20:80 is with the acceptable limit of viscosity and conclude that
it can be used as a diesel fuel without preheating it. It is also reported that increasing the content
of petroleum diesel fuel can reduced the viscosity of the vegetable oil drastically from 52.76 cSt.
For pure vegetable oil to 6.931cSt for 20:80 J: D blend.

2.6 Blending Techniques

Blending of two or more products by any method requires a recipe. A recipe is a formula or a set
of instruction designed from the components of the blend and the percentages of each component.
These calculations will determine meter and valve sizes and indicate any problematic flow control
issues. The main objective of biofuel blending is to deliver an accurate and good and well blended
fuel to do this there are four methods which are discussed below [45].

Parameters or characters of each products has their own effect on measurement while blending
such as API tables, density, viscosity etc. This parameters has to be considered while blending two
or more products in order to deliver a good blend [45]

Any product delivery, including straight product loading and any type of blending, requires that
each component be capable of accurately flowing in a controlled mode throughout the delivery
batch. This flow profile is most critical for ratio or hybrid blenders which is discussed below. If
pumps and flow control valves are not sized properly, the results will be erratic operation and off
specific blends. Complete pressure profile analysis should be done for all operating conditions to
ensure accurate blending [45].

Products with similar characteristics such as density and viscosity will generally blend well.
Products with different characteristics or those that when blended simply do not mix or stay mixed
may dictate the method of blending or some other special consideration.
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2.6.1 Splash Blending

This is the simplest method of blending which is two or more products can be blended. It only
needs one storage tank or reservoir as a receiver and the other products could come with their
storage tank. The process is simply loading the individual products into the container through
dedicated product meters one after the other. The endothermic reaction between the products (like
diesel and alcohol or others) occurs in the container [45].

2.6.2 Sequential Blending

This is also simple it is just loading the individual products through the same meter sequentially.
The only difference between splash blending and sequential blending is in sequential blending the
products are added to the reservoir with their proportion sequentially one to another. The
endothermic reaction occurs in the container [45] figure 2.9 below shows sequential blending.

Fol— —iot
Joi— || —ios

Figure 2. 9 Sequential blending process.

2.6.3 Ratio Blending

Ratio blending is defined as loading multiple products into a container at the same time as shown
below on figure 2.10. Unlike sequential blending, ratio blending has a meter and control valve for
each product. Because the products are blended at the same time, they will have a tendency to mix
better than with sequential blending. Also, because all products are flowing during the entire batch,
the blend should be on spec at any time during the batch; therefore, if a batch is aborted, the product
loaded should be a deliverable product. For a sequential blend to be on spec, the entire batch must
be completed [45].
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Figure 2. 10 Ratio blending process

2.6.4 Wild Stream or Side Stream Blending

More similar with ratio blending technique the process is metering the second product into the
main first product line where the blending occurs directly upstream of the larger delivery meter
shown below on figure 2.11. The endothermic reaction occurs prior to the delivery meter. It can
also handle side stream blending where the smaller of the components are plumbed in upstream of
the main product delivery meter [45].

/™

Figure 2. 11 Wild stream or side steam blending.

2.7 Properties causing Engine Wearing and Carbon Deposit

In [46] it discussed in detail the characteristic of a fuel from its crude source or from the refining
process which it is produced is considered as a fuel property whereas a foreign matter introduced
into the fuel due to refining, storage and transportation is considered as a contaminants. Some
literatures [14], [17] and others classify as physical and chemical property whereas in [46] the
property of the fuel classifies as characteristic property and contaminative properties. In [17] the
properties of diesel fuel like water and sediment, Sulphur, carbon, hydrogen and carbon are
discussed as physio-chemical property of a fuel with other flash and cloud point etc.



But in general the properties for a good diesel fuel are classified in three basic groups: satisfactory
handling and storage, smooth and efficient burning and continued cleanliness during use. The
properties which highly affects satisfactory handling and storage are the flash, fire, pour, cloud
points and viscosity. The properties which contributes for smooth and efficient burning are
volatility which related to emission of smoke and NOx and also related to carbon residue and flash
point, Cetane number which determines the quality of ignition and finally heating value are the
basic properties which are directly related to smooth and efficient burning of diesel fuel. In
continued cleanliness during use is related to contaminate like sand, rest, water and sediments,
Sulphur, carbon, hydrogen and other elements.

Diesel fuels are injected into the engine through precision pumps and fine injector nozzles. Dirt
and water contamination must be avoided to protect these critical components. Specifications
include tight limits on water and sediment, and most fuel stations also install final filters at the
nozzles of fuel dock service pumps to protect against dirt picked up in the distribution system.

Viscosity: Viscosity is one of the most important property for a good diesel fuel. According to
[11] , [20] and others viscosity can influences the spray pattern when the fuel is injected into the
cylinder especially for high speed diesel engines. According to [46] low-speed marine engines can
use higher-viscosity fuels than high-speed road-transport and generator engines, and still run
without excessive smoking. This viscosity of a fuel can induce a high carbon deposit on the engine
injection nozzle tips and in large it can cause wearing of engine components.

Carbon Residue: Deposit build-up in engines is also influenced by fuel quality. Fuels that leave
a heavy carbon residue and contain excessive amounts of high boiling-point materials are prone to
cause engine deposits [20].

Sulfur Content: During combustion, however, sulfur compounds burn to form acidic byproducts,
SO and SOs, which form sulfates in the exhaust gas stream. Sulfates are part of a diesel engine’s
particulate emissions, therefore, controlling fuel sulfur level reduces the level of sulfate pollutants
[20].

Depending on the crude source, sulfur compounds can also create corrosive sulfur oxides on
combustion. These can cause high rates of engine wear and a rapid depletion of engine oil
additives. Engine manufacturers often relate oil change intervals to the fuel sulfur content.
According to Detroit Diesel, “diesel fuel sulfur content above 0.3% mass causes premature ring
and cylinder liner wear and deposit formation.”

Water Content: Diesel fuels also contain small amounts of water. Hydrocarbon type and bulk
temperature control the amount of dissolved water that a fuel holds. Consider that water is much
denser than fuel. When this encapsulated water hits a hot injector tip, it quickly expands into steam.
Potentially, this can result in cracked, damaged, or blown-out fuel injectors are the potential
problems [20].
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CHAPTER THREE

MATERIALS AND METHODS

Using straight vegetable oil directly for diesel engine as a fuel causes carbon deposit and
component wearing which can extremely harm the engine life. So to solve such problem some
investigators work on modifying the engine, some others work on implementing preheating
process prior to injection whereas others works on the fuel by producing biodiesel using
transesterification and by blending vegetable oil with diesel. Blending mitigate or reduces the
problem and also it avoids tedious work of engine redesign and an additional process of
transesterification.

For this study a modern Robin DY-23 engine is used for experimenting and investigating the
effects of B20 fuel which is a blend of Jatropha curcas L. oil and Diesel fuel. The study focuses
on the carbon deposit formation and engine component wear. Studies show that carbon build up
continues over time, resulting in higher engine maintenance costs, time and shorter engine life.
The experiment to be conducted for this thesis is on a single cylinder engine for 75 hours working
time at Adama science and technology university automotive work shop and with one diesel
engine. The fuel is blend of Jatropha vegetable oil with diesel fuel with a percent of 20% by 80%
respectively (B20).

3.1 Materials

The materials and devices those have been used in this experimental study starting from diesel fuel
and vegetable oil storage tanks, blending devices and the engine and engine oil are listed on table
3.1 below and the general engine specification is listed on table 3.2.

Table 3. 1 List of materials

No. | Material (item) Qty. Remarks

1 Graduate Cylinders 2 Available in chemical department
2 Jatropha vegetable oil 5 liters From local market

3 Diesel oil 25 liters From local market

4 SAE 30 engine oil 4 liters From local market

5 DY23-2D Engine 1 Engine available in workshop

6 Plastic Jar 2 From local market
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Table 3. 2 General specification of the engine [47].

Model DY23-2D

Type Air-Cooled. 4-cycle, Overhead Valve, Single vertical
cylinder, Diesel engine

Bore 70 mm

Stroke 60 mm

Piston displacement 230cc

Compression ratio 21:1

Output HP/rpm 4.8/@3600rpm

Torque kg-m/rpm 1.07/@2200rpm

Rotation

Counterclockwise as viewed from PTO shaft side

Fuel

Automotive diesel fuel

Fuel Tank Capacity

3.2 liters

Combustion System

Direct injection type

Starting System

Recoil starter

Dry Weight

29 kg

Dimension L x W x H

329 x 357 x 402 mm

Figure 3. 1 Robin engine DY23-2D Engine.

The dismantling and assembling process is operated according to the manufacturers (Robin
Industries) service and maintenance manual for the DY23-2D engine shown on figure 3.1 above.
The wear measuring process and the limits under each components are referred from IS standard
engine endurance test method the engine service and maintenance manual.
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The equipment’s are available in the work shop. Below Table 3.3 shows the list of tools used for
disassembling of the engine but Table 3.5 shows the detailed equipment’s and tools used for each
parts of the engine.

Table 3. 3 List of equipment’s used for dismantling and assembling the engine.

No. | Equipment name Specification Remarks

1 Open and Box end wrench 10 to 19 mm

2 Socket wrench set

3 Hammer 2 pcs small (Ball pin and plastic)
4 Screw drivers 2 pcs Flat and Philips

5 Torque wrench <50 Nm

6 Digital Varner caliper <200mm

7 Micrometers 0— 100 mm 0-25,25-50,50-75&75-100
8 Bore and telescopic gauge set

9 Filler gauge 0-100 mm

3.2 Methodology
To conduct this research the following (figure 3.2) methodology is used. It starts from the careful
examination of the techniques of blending.

Study the blending conditions
and techniques.

Preparation of blend fuel (B20)

I.‘ Experimental set up and conducting

the test I_‘ Characterization of the (B20) fuel J
1

I[ Characterization of Lubricant ] u Dismantling of the engine }

(Engine) oil

I[ Component wear measuring ] u Carbon deposit measuring }

Figure 3. 2 Methodology used to conduct the research
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3.2.1 Preparation of Jatropha and diesel fuel blend

This is the first step for this thesis work which is using diesel and vegetable oil preparing the fuel
blend with a combination of 80% diesel and 20% vegetable oil (JVO). To prepare the blend a
properly calibrated and clean volume measuring devices are used. On figure 3.3 below the
graduated cylinders are used to measure diesel fuel (figure 3.3 a) and Jatropha vegetable oil (figure
3.3 b) in order to prepare the blended fuel.

Among the techniques of blending for this study splash blending which is very simple and cost
effective mothed and the one which was very applicable for small scale blending’s is used. As it
is defined in the previous chapter under blending techniques splash blending is the simplest
method. The process is adding or loading the products into the container after adding the first
product with the appropriate ratio then the second product could be added or loaded with the
required ratio or percent.

First 23 Liter diesel has been collected from local market with a plastic Jar of 25 lit capacity and
then Jatropha oil is provided from the workshop with 5 lit capacity plastic Jar. So this Jatropha and
diesel blend was prepared at Adama science and technology university chemical engineering
department using a properly cleaned and dried graduating cylinder, and another 25 Liter plastic
Jar has been used. So finally a total of 25 liter of 20% Jatropha and 80% diesel blend has been
prepared.

(a) Diesel Fuel (b) Jatropha vegetable oil

Figure 3. 3 Graduating cylinder for volume measuring

3.2.2 Characterizing the blended fuel (B20)

For this study the second important step is to identify or determine the very basic properties or
characteristics of the fuel. For identification of some basic properties which are very contributing
to wear of engine components and which affects the lubricant oil, we use standards. For example
density, flash point, kinematic viscosity, cloud point, corrosiveness to copper, acid number and
some others can be identified using ASTM standards and instruments. But for this paper the
properties which are discussed below are characterized.
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3.2.2.1 Density ASTM D-4052

Among the most important physical properties Density is a fundamental one that can be used in
conjunction with other properties to characterize both the light and heavy fractions of petroleum
and petroleum products. Determination of the density or relative density of the blended fuel can
be done using Digital Density Meter shown on figure 3.4 below. The density of the B20 fuel of
Jatropha vegetable oil and diesel at temperature of 15 and 20 °C has been determined.

Figure 3. 4 Digital density meter.

3.2.2.2 Flash Point ASTM D-93

A flash point is defined as the tendency of the fuel to form a flammable mixture with air and when
it is in laboratory it is under controlled condition. One of the most important property which needs
to be considered in safely storage and transporting property of the fuel. However, results of these
test methods may be used as elements of a fire risk assessment which takes into account all of the
factors which are pertinent to an assessment of the fire hazard of a particular end use. Flash point

of the B20 is determined using Pensky-Martens Closed Cup (PMCC) as shown on figure 3.5
below.
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Figure 3. 5 Pensky-Martens Closed Cup

3.2.2.3 Kinematic Viscosity ASTM D-445

Viscosity is a measure of a fuel’s resistance to flow when expressed in seconds of Redwood 1
(SR1) at 100 degrees Fahrenheit, it is the time it takes for a fixed amount of fuel to pass through
an orifice of fixed size at 100 degrees Fahrenheit. The higher the viscosity, generally the higher
the specific gravity. The viscosity of any petroleum oil increases when the oil is cooled and
decreases when it is heated. For this reason, the viscosity value of an oil must always be
accompanied by the temperature at which the viscosity was determined. The viscosity value by
itself is meaningless. The kinematic viscosity is very important property for safe handling and
smooth operation of an engine. For this paper the kinematic viscosity has been determine at 40°C.

This test method specifies a procedure for the determination of the kinematic viscosity of liquid
petroleum products, both transparent and opaque, by measuring the time for a volume of liquid to
flow under gravity through a calibrated glass capillary viscometer shown on figure 3.6 below.
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Figure 3. 6 Glass capillary tube in a SETA.KV-8 viscometer bath

3.2.2.4 Acid Number ASTM D-974

This test method covers the determination of acidic or basic constituents. It is applicable for the
determination of acids or bases whose dissociation constants in water are larger than 10-9;
extremely weak acids or bases whose dissociation constants are smaller than 10—9 do not interfere.

The nature of fatty acids and their contents in vegetable oils depend on the type of oil crop used.
The nature of fatty acids largely determines their ability to burn correctly in an engine. Vaitilingom
and Daho found that the unsaturation of triglycerides affected combustibility. The acidity in the
blend fuel B20 was less than the straight vegetable oil.

3.2.2.5 Cloud Point ASTM D 2500

This test is performed on diesel fuels, fuel oils, and other petroleum oils that are transparent and
have a cloud point below 120°F. The cloud point is an indication of the behavior of an oil in certain
lubricating devices.

Fuel oils and diesel fuels with high cloud point could clog fuel filters if a preheater is not used.
Contamination with a heavier product can raise the cloud point. So ASTM D 2500 has been used
to characterize the cloud point of B20. The test is conducted using the cloud point apparatus shown
on figure 3.7 below.
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3.2.2.6 Distillation
Distillation curves give the amount of a fuel sample that is evaporated in atmospheric pressure at

each temperature when the temperature is increased gradually. Distillation characteristics illustrate
how fuel is evaporated when it is sprayed into the combustion chamber of a diesel engine. Some
fractions boiling at low temperatures are needed for engine start-up, while fractions boiling at too
high temperatures may not combust completely forming engine deposits and increasing tailpipe
emissions. ASTM distillation apparatus shown on figure 3.8 below is used to characterize the

blended fuel distillation property.

Thermometer

100 c.c. tlask

W Gurngr .

‘100¢c.c. graduated
cylinder

Figure 3. 8 ASTM distillation apparatus.

For determination of distillation ASTM D 86 is used the temperatures starting from initial boiling
point up to final boiling point are registered. As distillation progresses, the composition of the
sample changes. Some liquid residue may remain after the maximum temperature is reached. This
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portion of the fuel may not vaporize in service; it will remove the lubricant from the cylinder walls
and contribute to crankcase oil dilution so this may cause wearing. A distillation curve for a result
for distillation test of B20 is prepared.

3.2.3 Preparation of an experimental set up

A Robin DY23-2D engine is used to conduct the experiment and study the effect of the fuel on the
engine parts. The experiment or the test was conducted for a period of 75 hours. Before starting
the test, the engine was checked if it is working or not. Then we start the engine with diesel and
run for 2-3 hours for warming up since the engine was idle for a year then adaptation of engine for
the fuel was done for a half an hour. The figure 3.9 below shows all the engine checkup and
preparation for test procedures made.

Running the

Checking the engine
= = test for 75Hs.

.| Engine oil sample taking

Figure 3. 9 Test preparation procedure.

All safety precaution like fueling and pre-operating are carefully taken care. The test was
conducted 8 hours per day with two cycles or shifts 4 hours each and after the test starts daily
inspection was done every day at the end of each 8 hours run. For the test Indian standard for
testing engine (IS: 10000, Part IX, 1980) is used to run the engine (table 3.4). After warming up
the engine and adapting the fuel which is B20 of Jatropha vegetable oil with diesel the test is
conducted for a net of 75hrs until the sample of the lubricant oil has taken. It takes 9 and half days
for a complete run.

Table 3. 4 Indian standard for testing engine (IS: 10000, Part 1X, 1980.)

Throttle position Running time

Fully opened 1hr.
Partial opened 1hr.
Fully opened 15min.
Idle 7.5min.
Fully opened 45min.
Partial opened 52.5min

Total engine running time per cycle | 4 hours
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Adama science and technology university automotive work shop specifically engine performance
test room was used for every facility and engine maintenance. After the test completed using this
engine performance room has been used to disassemble the engine and measuring the wearing of
each components.

A periodic maintenance is used for the safe working of the engine due to its service manual the
schedule used for the engine is tabulated below in table 3.5.

Table 3. 5 Engine maintenance schedule used for test.

Items to checked Operation Hours

8 hours/each | 100 hours 500 hours | 1000 hours
day

Check for oil and fuel leakage X

Check bolts and nuts for tightness. | x

Check engine oil level X

Replace engine oil X

Check and adjust valve clearance. X

Discharge water from fuel filter. X

Replace or clean oil filter X X

Check nozzle and clean X

Check valve seat X

3.2.4 Characterization of lubricant

From the manufacturers of the Robin engine DY23-2D manual, it is recommended that the
lubricating oil type is SAE 30 and to fill it up to the upper level of the gauge. For this study after
75 hours of engine run sample oil is taken for examination of the oil characters. It is known that
when we use a fuel which is driven from vegetables oil the engine oil will be affected too much.
So the engine oil sample is taken at 25, 50 and 75 working hours but for this study only the 75hour
sample is used to characterize the engine oil due to it cost of characterization is expensive.

The engine wear and dilution of engine oil has a direct relationship. When the engine runs a high
temperature blow by flame burns the engine to some extent. The viscosity, density, flash point and
other basic properties of the engine oil will be changed or altered due to that the engine components
will wear easily. The ash content and gummy particulates on an engine oil will increase due to this
the engine oil color and smoothness for operation will be affected. The total sum of these changes
of the engine oil leading to the engine component wearing and engine failure in general.

The very basic properties use same ASTM standard method of test so for determination of density,
kinematic viscosity, flash point, has used the same method as it listed above in 3.2.2.1, 3.2.2.2 and
3.2.2.3 respectively. The other two lubricant oil characterized properties in this thesis work are
discussed below.
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3.2.4.1 Determination of Sulfated Ash D 482

The determination of ash content is according to ASTM D-482. For diesel fuels or any other
alternative fuel which is used for running an engine it is not desirable to have impurities and
contaminates and the ash content must be minimum as much as possible. The process is oil sample
contained in a suitable vessel was ignited and burned as shown in figure 3.10 below until only ash
and carbon remain.

It is discussed in [48] that the carbonaceous residue was reduced to an ash by heating in a muffle
furnace at 775°C, cooled and weighed. Knowledge of the amount of ash-forming material present
in a product can provide information as to whether or not the product is suitable for use in a given
application. Ash can result from oil or water-soluble metallic compounds or from extraneous solids
such as dirt and rust.

Figure 3. 10 Determination of ash content [24].

3.2.4.2 Determination of Conradson carbon residue ASTM D 189

The standard for carbon residue test is ASTM D 189 using Conradson carbon residue equipment’s
shown on figure 3.11 below. The amount of carbon residue left after evaporation and pyrolysis of
a used engine oil, and is intended to provide some indication of relative coke-forming propensities.
This test method is generally applicable to relatively nonvolatile petroleum products which
partially decompose on distillation at atmospheric pressure. The carbon residue is a measure of
carbonaceous material left in an oil after all the volatile components are vaporized in the absence
of air.
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Figure 3. 11 Conoradson carbon residue determination [49].

3.2.5 Dismantling and wear measuring of engine parts

To measure the physical wearing effects on the engine components due to the fuel used to run the
engine the engine has to be dismantled. So that the components can be seen and be able to measure
the wear. So, dismantling the engine has its own procedure. The following table 3.6 shows the
detailed procedure to dismantle the engine with the proper equipment or tool for each step.

Table 3. 6 DY23 Engine Disassembling Procedure [47].

Steps | Part to be removed Procedure Tool used
1 Engine oil 1) Oil was discharged from the crankcase | 14 mm
by removing the drain plug on the side | spanner
of the crankcase.
2) The oil gauges was removed to
discharge oil quickly.
2 Fuel 1) The fuel was discharge from fuel tank by | 10 mm
removing drain plug from fuel filter spanner
3 Injection pipe 1) The two joint nuts at both ends of | 12 mm
injection pipe were loosening first to | spanner
remove it.
4 Air cleaner 1) The cleaner cover was removed first | 10 mm
from the cleaner body. then, box wrench
2) Loosen the wing bolt to remove element. | 12 mm
3) Finally the cleaner body was removed | box wrench
from intake manifold.
The flange bolts were 68 X 12
mm.....2pcs
5 Recoil starter 2) The recoil starter was removed from | 10 mm
Recoil starter blower housing. spanner
The flange bolts were 60 x 10 mm....... 4pcs
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Fuel tank

The step to remove the fuel tank was

1) Disconnecting fuel pipe from fuel tank.

2) Disconnecting fuel return pipe.

3) Disconnecting rubber pipe from the
check valve.

4) Removing the fuel tank.

80 X 20mmbolt................. 1 pcs

80 X 30mmbolt................ 2pcs

12 mm
spanner

Muffler

1) First muffler cover from muffler was
removed by loosening the bolts
with 80 X 20mm....1 pcs and
8@ X 30mm...2pcs.

2) Then, remove the muffler by loosening
the nut and spring washer respectively.

12 mm
Box wrench

Fuel filter

1) The fuel filter was removed from the
blower housing. By untightening the
flange bolts of 6 @ X 20 mm .....2pcs.

10 mm spanner

Blower housing

1) The blower housing was removed from
the crankcase.by untightening the bolts
and washer of 8 @ X 20 mm...2pcs.

12 mm
Box wrench

10

Rocker cover

1) The rocker cover was removed from the
cylinder head by loosening the flange
bolts of 6 @ X 40 mm .....4pcs

10 mm
Box wrench

11

Fuel injection nozzle.

1) The first step was removing the bracket
nozzle;

2) The fuel injector from the cylinder head.
During the removal of the injector
nozzle care has taken not to lose the
gasket at the bottom end of the nozzle.

10 mm
box wrench

12

Rocker arm

1) Loosening the adjusting bolts on the
rocker arms.

2) Pushing the rocker shaft out from the
cylinder head to remove the rocker arms.

3) Removing push rods.

The pushrods and rocker arm were marked

to easily identify the intake and exhaust.

10 mm
spanner

13

Cylinder head

1) The cylinder head was removed from
the cylinder by removing the flange nuts
of 8 @ .....4pcs while giving taking care
for spacers.

12 mm
spanner

14

Main bearing cover

1) First the bolts joining the main bearing
cover and crankcase 8@ X 35 mm....11
and 80 X 40 mm....1 were loosening.

2) Then, lightly tap the cover with aplastic
hammer to remove from the crankcase.

12 mm
Box wrench
Plastic hammer

15

Connecting rod

1) The connected rod was removed by
loosening the connecting rod bolts and
removing the large end cap.

10 mm
Box wrench

34




2) Then, by pushing the connecting rod up
until it completely out from the cylinder
while the crankshaft is turned to top
dead center.

16 Piston and 1) The removal of the piston was started by

piston pin removing the two clips at both ends of
piston pin and

2) Pushing the piston pin out from the
piston which is used to remove the
piston from the connecting rod.

3) The piston rings also removed from the
piston by spreading their open ends.

17 Crankshaft 1) Lightly tap the crankshaft at the

flywheel side using a plastic hammer to

remove it from the crankshaft.

18 Intake and Exhaust 1) Press the valve springs and remove the

valves retainer lock from the valve stem.

2) Remove the valve from cylinder head.
Marking of retainers has been made to
identify the intake and exhaust.

The tools used for disassembling of the engine which are tabulated on table 3.3 on page 24 of this
paper are shown in the following figure 3.12 below.

Figure 3. 12 Tools used for dismantling Robin DY -23 engine.

3.2.5.1 Wear measuring of engine components

The wear of engine components could be measured using different tools (figure 3.13) according
to the Indian standard (IS: 10000) Part V Preparation for Tests and Measurements for Wear. The
wear is caused due to prolonged engine operation and the limits are according to the manufacturers
of the engine. It is clear that the fuel used to run the engine has determines the engine wear and
life span due to its physio-chemical characteristics.
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Figure 3. 13 Tools used for wear measures of the components.

The appropriate device for the appropriate engine part which must be used are tabulated in the
following table 3.7 and the procedures for measuring is according to the Indian standard.

Table 3. 7 Appropriate devices used for wear measurement.

S.NO | Engine part Appropriate device
1 | Cylinder bore Bore gauge and Micrometer
2 | Connecting Rod Bearing Telescopic gauge and Micrometer
3 | Gudgeon Pin, Pin Bore and Small End | Telescopic gauge and Micrometer
Bush
4 | Piston Micrometer
5 Piston rings Micrometer, feeler gauge and venire caliper
6 Inlet and exhaust valves Micrometer and venire caliper
7 Rocker arm Telescopic gauge and Micrometer

3.2.6 Carbon deposit evaluation

The very focusing area for this thesis work is to determine the carbon deposit and the components
which carbon deposit can be seen are piston head, cylinder head, injector tips, piston side, exhaust
and intake ports and intake and exhaust valves. The amount of carbon deposited on these
components can be measured by gram using the following procedure.

1.
2.
3.

First after disassembling the engine these components could be left to dry then

The components weight is measured using the digital gram measuring device.

After the measured weight has been registered the components has to be cleaned properly
and the Carbon deposit has to be removed from the components carefully.

Then the weight has to be measured again then
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5. It is assumed that the weight difference in gram is the amount of carbon deposit found at
that component the total can be the total sum of the weight difference found on the

components.
6. For a better conclusion the carbon deposit which is removed carefully has measured for a

better result of a measured weight of the carbon deposit.
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CHAPTER FOUR

RESULT AND DISCUSSION

4.1 Fuel characterization results

The property of the fuel B20 were characterized from Ethiopian Petroleum Supply Enterprise and
tabulated below in Table 4.1. Mainly diesel standard are used to evaluate some characteristics of
this Jatropha and diesel blend B20. There are standard limits which the company (Ethiopian
Petroleum Supply Enterprise) use to compare if the fuel is suitable for diesel engine or not.
However, the most important properties of the fuel used in the study were characterized by ASTM
standard test methods and the results are given below.

Table 4. 1 Fuel Characteristic property of B20

S.no. Property Characterized ASTM Test | Test Result
method Obtained
1 Kinematic Viscosity@40°C. D445 5.83
2 | Density @15°C,g/ml D 4052 0.8660
Density@20°C,g/ml D 4052 0.8623
3 | Flash Point(PMCC),°C D 93 >92
4 | Total Acidity, mgKOH/g D 974 1.12
5 | Cloud point, °C D 2500 +2
IBP,°C D 86 206.0
10%volume,recovered,’C D 86 241.5
6 | Distillation | 40%volume,recovered,°C D 86 302.0
50%volume,recovered,°C D 86 315.5
90%volume,recovered,’°C D 86 356.0
95%volume,recovered,°C D 86 359.0
IBP, °C, Max. D 86 361.0

The properties of the fuel which are tabulated on table 4.1 are not only the cause of wearing and
carbon deposit formation inside the combustion chamber. In this thesis some of the diesel fuel
properties are not characterized due to the expensiveness of the test which could be provided at
Ethiopian petroleum Supply Enterprise. But for this research work the properties has been selected
due to their tendency of causing the effects.

According the result the kinematic viscosity for Jatropha curcas oil and diesel fuel blend of 20/80
respectively in percent, is 5.83 at 40°C but the limit for diesel fuel is between 1.9 and 5.5. Due to
this higher kinematic viscosity of the fuel the engine may be affected by the flow pattern of the
fuel through the injectors and the atomization process of the fuel will be decreased. If there is a
poor atomization of fuel an efficient burning of fuel couldn’t be achieved. When we compare it
with the burning of pure vegetable oil this B20 is very much efficient but when we compare it with
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diesel fuel it gives as a relatively less burning. According to the result obtained from [50] the
kinematic viscosity of the pure Jatropha curcas oil is 34.48 at 40°C and clearly 83.09% of kinematic
viscosity reduction has been obtained when it is blended with diesel fuel at a percent of 20%(B20).

The most effective way of reducing the density of vegetable oil is blending them with diesel fuel
and adding some additives as we can see from table 4.1 the density of the B20 of Jatropha and
diesel fuel is 0.8660 and 0.8623 at 15°C and 20°C respectively. This indicates that a very valuable
reduction of density has been seen when we compare it from straight Jatropha curcas oil. Some
researcher discussed that the density of Jatropha vegetable oil is above 46 at 30°C and from [50]
it is discussed that the density of Jatropha curcas oil which is similar with oil used for this thesis
i50.9193 and 0.9162 at 15°C and 20°C respectively.

The result indicates a reduction of density when it is blended with diesel fuel. So the effects due
to density of the fuel should minimize. A good burning of B20 is shown even while the experiment
conducted the engine shows a better operation time than that of the experiment conducted by [24].
The difficulties of operation due to density has been clearly avoided so that the engine used for
running B20 has worked for a complete test of 75 hours.

The cloud and flash point of B20 lies between the acceptable limit of diesel fuel which gives as
similar effect on the engine. But when we observe the total acidity it is greater than that of the
diesel fuel acceptable limit. Depending on the crude source or the vegetable oil source the acidity
of the fuel can also create corrosive acidic oxides on combustion. These can cause high rates of
engine wear and a rapid depletion of engine oil additives. Engine manufacturers often relate oil
change intervals to the fuel sulfur content. According to Detroit Diesel, “diesel fuel sulfur content
above 0.3% mass causes premature ring and cylinder liner wear and deposit formation.”

The distillation curve for the characterized fuel (B20) is shown below on figure 4.1. The distillation
curve is an indication of the combustion characteristics of the fuel and also serves as a measure of
the level of purity of the fuel. The higher initial boiling temperatures are an indication of the higher
flash point of the vegetable oils as compared to diesel. When the blend B20 of Jatropha oil and
with diesel fuel distillation temperature is compared with diesel fuel it shows that it close to the
diesel fuel standard for example when 90% of B20 is 356°C which is between the range of diesel
temperature which is sate to be in the range of 282-362°C. And also the final boiling point of diesel
fuel has to be 390°C and when we observe the final boiling point of this B20 fuel is found to be
361°C.
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Figure 4. 1 Distillation diagram of B20.

4.2 Characterization of lubricant oll
The study under this thesis is to study the effects of the fuel used (B20 of Jatropha curcas oil with
diesel fuel) for diesel engine on engine lubricating oil. So some of the engine oil properties has
been characterized using ASTM standard.

Table 4. 2 Lubricant property after 75 hour run.

S.No | Property ASTM Test method | Test Result Obtained

1 Density @15°C,g/ml D 4052 0.8927
Density@20°C,g/ml D 4052 0.8898

2 Flash Point(PMCC),°C D 93 >100

3 Kinematic Viscosity@40°C. D 445 5.83

4 Conradson carbon residue, %wit. D 189 1.50

5 Ash Content, %wit. D 482 0.98

The main reason for the change of the lubricant oil properties is dilution of the fuel used in the
engine and the leaking of this unburned fuel through the cylinder wall. For safe working of the
engine the oil should be clean and stable. But using straight vegetable oil or any other alternative
fuel increases the dilution and affects the engine oil more than diesel fuel.

The properties of lubricant oil SAE 30 after 75 hours of running is tabulated above on table 4.2
and some major changes are observed. According to the study the density of the engine oil after
the test is conducted shows a little increment due to dilution of the fuel (B20) used and the wear
debris contamination. The carbonaceous deposits and the ash related issues may increase the
density of the lubricant oil. Since the lubricant oil is supposed to clean the engine moving parts
inside the cylinder and housing of the engine it could contain so many contaminations like
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particulate matters caused by dilution and engine part wear. The SAE 30 oil density at 20°C is
found to be around 0.8891 but after the test it is found that 0.8898 g/ml. when this result is
compared with straight vegetable oil which is found to be 0.8999g/ml from a study done by Mr.
Anwar. This effect also has a relation with the density of the fuel used.

Kinematic viscosity, which is the important property of the lubricant oil has changed from 110 cSt
to 5.83 according to the characterization of the Ethiopian petroleum supply enterprise. For a change
encountered in viscosity the working condition, environmental weather condition and dilution of
the unburned fuel plays a huge role.

The dilution of unburned fuel affects the flash point value of the engine oil. As the flash point
registered for the fuel used (B20) is less than that of the SVO and slightly higher than that of diesel
fuel. The flash point for the B20 of Jatropha curcas oil and diesel fuel is >92°C the dilution effect
on engine oil may be higher than that of SVO of Jatropha seed which is found to be >207°C. So
the flash point for the engine lubricant oil after the engine has run for 75 hour using B20 is found
to be >100°C.

The tendency of the engine oil SAE 30 to cause carbon residue is around 1.50 and after the test is
conducted it is found to show no change which means the fuel used B20 have a low tendency of
making carbon residue. But when using straight vegetable oil the tendency of the engine oil to
make carbon residue is found to be more than 2. The tendency of causing ash is found to be
minimized and it is around 0.98 %wt for B20 and around 1.18%wt for SVO of Jatropha curcas oil.

4.3 Wear measurements after the test

It is discussed that wear of various moving parts take place due to prolonged engine operation and
the type of fuel used. The measuring procedure for wear of engine parts is according to the standard
of IS: 10000 part V. To make a comparison of wear induced while using B20 and diesel fuel the
engine must be new and similar. But the engine used in this thesis work was used to run a diesel
fuel so it is not appropriate to compare the wear of the components with the previous works.
However it is good to know the amount of the wear measures to judge whether the engine will
work or not. If the wears are under the limit sated by the manufacturers, it will work when we
assembled back.

4.3.1 Cylinder bore

Wearing effects of this B20 fuel has been measured and tabulated below on table 4.3 as it can be
observed the maximum limit is 70.25mm. A little increment on the wear is shown (figure 4.2) but
since it is below the maximum limit the engine will face no failure.
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Figure 4. 2 Measuring of cylinder bore wear [24].

Table 4. 3 Cylinder bore wear measurement of the blended engine

Cylinder bore After the blended fuel test

measurement before blend
i fuel run (x-direction)
1 ) 1 2 |3 |4 |5 1 2 3 4 5

70 70 |70 |70 | 70 | 70.03 | 70.04 | 70.02 | 70.01 | 70.01

Cylinder bore After the blend fuel test
measurement before blend
fuel test (Y-direction)

1 2 |3 |4 |5 1 2 3 4 5

700170 |70 | 70 | 70 | 70.02 | 70.01| 70.03 | 70.02 | 70.01
Max. limit = 70.25mm Note: - all dimension are in mm.

L

I-—

AN

Dl

Wear of cylinder bore is caused by the up and down motion of the piston since they are in contact with
piston and piston ring. If the unburned fuels cause carbonaceous particulate matters and the abrasiveness
of these carbonaceous deposits and the friction induced between cylinder wall and piston skirt and piston
rings cylinder wall or we call it cylinder bore may be scratched and wear when the engine runs for prolonged
period.

When we see from table 4.3 above all measured values of the cylinder bore wear measures are under the
limit stated by the manufacturers while the engine runs using B20 for 75 hour and wear is tabulated in
percent on table 4.4 below. This shows that the fuel can be used for running this kind of small scale engines.
The surface condition on the top of the cylinder bore is smooth.

Table 4. 4 Wear analysis for the cylinder bore in percent

Direction 1 2 3 4 5
Wear % Wear % Wear % | Wear | % Wear | %
(mm) (mm) (mm) (mm) (mm)
X 0.03 12 0.04 16 |0.02 8 0.01 |4 0.01 4
Y 0.02 8 0.01 4 0.03 12 | 0.02 |8 0.01 4
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4.3.2 Connecting rod bearing bore

The failure of an engine is mainly related or accumulated on the fast moving parts of the engine.
So connecting rod bearings, rocker arms, pins and connecting rod of small end of the engine are
supposed to wear due to their relative motion between each other.

Table 4. 5 Wear of connecting rod bearing bore

Dimensions
Measuring Before blend After blend fuel
points fuel test test
C I 33.06 33.08
m 33.07 33.09
n 33.06 33.07
D I 33.07 33.09
m 33.06 33.08
n 33.06 33.07
Max. limit = 33.20
Note:- All measures are in mm.

The result shown on table 4.5 which is the measures of wear on connecting rod bearing bore are
totally under the limit stated on manufactures manual which 33.20mm and the percentage is listed
below on table 4.6.

Table 4. 6 Wear analysis in percent

Measuring Wear Percent of
point measured (mm) | wear (%)
C I 0.02 12.5
m 0.03 18.75
n 0.01 6.25
D I 0.03 18.75
m 0.02 12.5
n 0.01 6.25

4.3.3 Rocker arm
Table 4. 7 Wear of rocker arm

IN/EX Before the test After the test
Intake 12.01 12.03
Exhaust 12 12.01

Max. limit=12.07

The maximum limit for the rocker arms of inlet and exhaust valves is 12.07 from the
manufacturer’s service manual which is shown on table 4.7. Using the limit the wear measured
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value according to the standard in percent are 42.85% on intake and 14.28% wear is measured on

exhaust rocker arm.

4.3.4 Gudgeon, Pin and Small end bush of connecting rod

Table 4. 8 Wear measured of Gudgeon, pin and small end bush of connecting rod

— / After endurance test using B20(Jatropha oil with diesel fuel blend)
LT ; ' r’f ‘.\4
& @ | Gudgeon pin | Gudgeon pin Clearance Small Clearance
- el / = bore(in piston) | diameter between end between
B l bush
L—";L 'f- ar;_ g f{ al (a2 | bl | b2 | b3 |al&bh2 | a2&b3 | cl | c2 | b2&cl | b2&c?2
5 X
7 fsy N | MmN MmN o | o
N om 2288 8lg g |2|8|g |
‘*\x\ 0| 0| 0| 0| @ |2 Q o | o |2 Q
Q:\ — — — — — o o — i o o
AR A Y o|lo| o] 0| om © | ©
S8 mm|S/8|8|8/8|8 |8 |3|2|ly |4
0| 0| 0| 0| @ | < 0| o | 2 Q
— — — — — o o — i o o
Max limit: Max limit between a, b and ¢
a=0.029, b=0.02 and a&b = 0.049(100% wear)
C=0.021 b&c =0.041 ( 100% wear)
Note: - all dimensions are in mm.
The limiting value of wear measure is listed above in table 4.8 and the percentage of wear is
tabulated on table 4.9 below.
Table 4. 9 Wear of Gudgeon, pin and small end bush of connecting rod in percent
Direction | al a2 bl |b2 |b3 |al&bl|a2&b3|cl |c2 |b2&cl | b2&c2
X 41.37 | 4482 (10 |15 |10 |18 20 71 |71 |29.26 |29.26
Y 31 31 15 |15 |15 |12 12 85 |85 |36.58 |36.58
4.3.5 Piston
Table 4. 10 Wear measures in piston
After endurance
test using B20
= Position 1).¢ QY
= —— a 69.952 69.961
=
//:}, : b 69.943 69.961
e —— =——] I e e
- -— Maximum limit = 69.871 | Surface condition
i Top | Smooth
i _ B — Skirt | Smooth
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Table 4. 11 Wear measured on piston in percent

Position X oY
Wear (mm) | Percent (%) Wear (mm) Percent (%)
A 0.028 25.68 0.019 17.43
B 0.037 33.94 0.019 17.43
C

The above table 4.10 and table 4.11 are the wear measured and wear percentage on piston
respectively. The top surface of the piston is covered with deposit formation which needs to be
clean and less amount of carbon deposit on skirt of the piston head. Unless the measuring excides
the maximum limit the piston would work safely. The carbon deposit formed on piston head or
cylinder head and others should be removed using a proper material and chemical in order to
minimize the damage on the surfaces of the engine parts.

4.3.6 Piston ring

For piston ring all dimension are under the limit but the top piston ring is failed to move due to
sticking. The carbon deposit caused by B20 is comparatively less than the engine run with straight
vegetable oil. But with this amount of carbon deposit the top piston ring sticking happened.

Table 4. 12 Data measured from piston rings end gap

Position Before test After test

Top 0.3 0.42

— Middle 0.45 0.51

ﬂL Oil ring 0.3 0.37

f Max limit =1.0mm Surface condition
Top More carbon deposit and rough
Middle | Less carbon deposit, smooth
Oil ring | Smooth

The limit for the piston ring gap is 1.0mm and the measured values of the gap after the test is
conducted are listed on table 4.12 above. The percentage expression of the piston ring end gap
after the test has conducted after 75 hours is given below on table 4.13.

Table 4. 13 The piston rings end gap measures in percent

Position End gap measured (mm) | Percent to the limit (%)
Top ring 0.12 17.14

Middle ring 0.10 16.66

Oil ring 0.07 10
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4.3.7 Inlet and exhaust valve

Table 4. 14 Wear measured on intake and exhaust valve

Measured values

Measuring point Before the test | After the test

Steam diameter | Inlet 5.42 5.42
Exhaust 5.42 5.42

Length | Inlet 71 71
Exhaust 71 71

Maximum limit for steam diameter = 5.35

The above table 4.14 is wear measured on the intake and exhaust valve and the surface conditions
for inlet valve is smooth and less carbon deposit found on its length side. But for the surface of
exhaust valve more carbon deposit and rough surface is observed. Whereas the steam diameter

side of both valves are smooth and less carbon deposit is observed.

4.4 Carbon deposit formed on engine components

Deposits in the combustion chamber of a diesel engine may be classified based on their location
into: injector tips, piston crown, intake/exhaust valves, cylinder head and piston grooves. The
carbon deposit mainly occurred on the engine components which is basically found at the clearance

volume and carbon deposit could be observed as tabulated below on table 4.15.

Table 4. 15 Carbon deposit formation comparison table.

Engin
e Part

1. Piston
side

2. Piston
head

Diesel fueled engine

JSVO fueled engine

JSVO/D blend fueled
engine
(B20 blend)
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Injecto
r tips

3.

4. Cylinder
head

5. Intake port

6. exhaust port

7. Intake valves

8. Exhaust

valve

As it can be observed from the pictures shown on the table the amount of carbon deposit is for the
blended fuel is found between the diesel and the JSVO fueled engines. From the observation of
the components for each test we can say that using SVO can accumulate more carbon than the pure
diesel and B20 blend fuel of Jatropha so it is known that the amount of carbon deposit found could
an indication for the fuel that determine the engine life if there is high amount of carbon found the
more it become abrasive for the engine components. If there is any abrasive thing inside the
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combustion chamber the wearing rate of the components will increase and the wear shorten the
engine life.

The amount of carbon found was measured after it is removed from the components carefully. The
measuring was done at chemical department using digital weight measuring device. The weight
was measured and graphed by classifying in to two parts the first part is carbon deposit on the
piston head this include only the piston head and the piston side carbon deposit. The second is
carbon deposit on cylinder head and its components like intake and exhaust manholes, valves and
injector nozzle.

Carbon Deposit Formed by Blend Fuel

4.5

3.5

g(gram)
N
(V2] w

N

1.5

=

0.5

Piston head Cylinder head

Figure 4. 3 Carbon Deposit formed by blended fuel on piston head and cylinder head.

The carbon deposit found on piston head is measured in gram and it is 3.42g and on the cylinder
head 4.32 g so the total weight for carbon deposit is 7.74g. Carbon deposit is mainly caused by the
viscosity, sulfur content, carbon residue, and water contamination or water content of the fuel used.

When the test is conducted it is tried to follow the standard testing speed changes as much as
possible. The engine used for this test is designed for pump application so it is stationary engine
and the speed of operation for the specified application needs to be changed and regulated as it is
wanted. Conducting the test with different speed is to pretend that the engine is working at the real
environment but one has to study the test with a real load.

When carbon deposit if formed, the engine oil changes its color and the sound of the engine makes
a little change. But to minimize the carbon deposit the properties of the fuel has to be modified
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with a series of studies. The problem with straight vegetable oils is causing high carbon deposit
but when they are modified they become more suitable and compatible with the engine but still
they need modification. B20 of Jatropha oil with diesel fuel gives relatively less carbon deposit
than straight Jatropha oil. However, B20 itself causes higher carbon deposit as we compare with
diesel fuel. Further modification could be done to minimize the carbon deposit formation caused
by B20 by preheating.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

To summarize the work done for this paper, a blend of 20 by 80% of Jatropha curcas oil and diesel
fuel respectively has been made. The property of the fuel B20 were characterized and after the test
is conducted the lubricant oil property were characterized. Then after the engine component wear
and carbon deposit formed are measured.

As it is observed one important conclusion that can be drawn from the work done earlier is that
the vegetables oils can’t be used directly in the diesel engine. Several problems crop up if
unmodified fuel is used and viscosity was the major factor. It has been found that blending
vegetable oil with diesel could be an appropriate way to reduce the viscosity of vegetable oils and
to make them fit for their use in the present diesel engines without any modification and also
without any other extra process of transesterification.

Since diesel fuels are injected into the engine through precision pumps and fine injector nozzles,
dirt and water contamination must be avoided to protect these critical components. The property
of the fuel used is the main constraint for injector and other problems.

Generally the properties for a good diesel fuel are classified under three basic groups: satisfactory
handling and storage, smooth and efficient burning and continued cleanliness during use. The
properties which included in handling and storage are the flash, fire, pour, cloud points and
viscosity. The properties which included in smooth and efficient burning are volatility which
related to emission of smoke and NOx and also related to carbon residue and flash point, Cetane
number which determines the quality of ignition and finally heating value are the basic properties.
In cleanliness during use means it is related to contaminate like sand, rust, water and sediments,
Sulphur, carbon, hydrogen and other elements. From these general properties and the research
work the following conclusions are drawn;

1. The total sum of the properties mentioned above can affect our engine life. And the
properties are inter-related each other if we try to change one property to make it
compatible for the engine we may alter the other property which may extremely affects our
engine life in another way.

2. The major causes of engine malfunction due to lubricant quality are deposit formation,
contamination, oil thickening, oil consumption, ring sticking, corrosion and wear. Such
effects are caused due to the property of the fuel used to run the engine and also the
environment in which the engine operates affects lubricant stability.

3. The kinematic viscosity of the blended fuel is 5.83 ¢St which is greater than 5.5 ¢St and
density 0.8660g/ml which is slightly higher than diesel fuel viscosity and density
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respectively and this leads to high carbon deposit and engine component wearing when we
compare to diesel fuel. Engine component wearing and carbon deposit forming effects are
minimized when it is compared with an engine run with straight vegetable oil of Jatropha
curcas oil.

4. In this study the lubricant property has been characterized and even though some changes
are registered the engine works well and it can be conclude that blending of Jatropha oil
with diesel fuel up to ratio of 20% gives a promising result to use it as alternative fuel for
diesel engine.

5.2 Recommendation

Finally as a recommendation a high carbon deposit formed while using straight vegetable oil to
run diesel engine can be minimized by modifying the fuel. Modification of the fuel needs a careful
study which uses engines for long run test.

1. To study the wearing effect of this B20 the engine should be new and unused so that it can

be compared how much the wear has been reduced from straight vegetable oil.

The performance test of the B20 could be done and the other properties like Cetane number,

calorific value, sulfur content, copper corrosion, aromatics and other diesel related fuel

properties can be characterized and studied.

3. The university should allow the students to use resources found in the campus to do

researches like emission analyzer equipment and performance testing machine.

For Ethiopian Petroleum Enterprise the cost of the ASTM tests should be minimized

especially for students like graduate students research.

5. ASTU must have ASTM testing laboratories in order to minimize the cost and troubles that
the student are facing.

N

&

Future work

1. Further study on Jatropha oil and optimization of its blend with diesel should be done due
to its great importance for the users of small scale and industrial engines especially for
stationary engines.

2. For the country like Ethiopia Jatropha curcas oil is very promising to minimize the cost of
importing petroleum based diesel so studies must be done to improve the production of
Jatropha and blending process of Jatropha vegetable oil with diesel fuel.

3. B20 of Jatropha oil and diesel fuel runs the engine well but studies has to be conducted for
further reduction of carbonaceous deposits using additives and other methods.

4. Investigation of Jatropha vegetable oil for industrial application especially sugar factories.
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S/N Property Test method Limit TEST RESULT
(ASTM) FOR B,

1. | Density@15°C, g/ml D 4052 Report 0.8660
Density@20°C, g/ml D 4052 Report 0.8623

25 Distillation D 86
IBP. S C - 206.0
10% volume, recovered, °C - 241.5
40% volume, recovered, °C - 302.0
50% volume, recovered, °C - 315.5
90% volume, recovered, °C 282 - 362 356.0
95% volume, recovered, °C - 359.0
FBP, °C, max 390 361.0

3 Flash Point (PMCC), °C D93 Min 66 92

4. | Kinematic viscosity at 40 °C D 445 1.9-5.5 - 5.83

5. Total Acidity, mgKOH/g D 974 Max 0.05 1:12

6. Cloud point , °C D 2500 Max. +5 +2

hnage -

The results in this report

© This test report shall not be reproduced or given to a third party without written approval of the Petroleum Quality Control Service Head
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Appendix B

Telefax 251 - (0)11 - 551 29 38
251 - (0)11 - 551 79 56
251 - ()11 - 554 1905

Email - eth-petrolenm@ethionet.ct

AASTY ALING ThTNE eLacht:
h4™Y

Telephones:
PBX. (251)-011-5513288,
Direct:  (251)- 011 - 551 0045,
(251) - 011 - 552 60 30,
(251)- 011 - 554 19 04,
P.O.Box 3375
Addis Ababa - Ethiopia

PATERL 158F Ahdet £CER
ETHIOPIAN PETROLEUM SUPPLY ENTERPRISE

0 2 w0t 2008

117/08/2009 %.9° (&:PC MSVE/0040/3/2009 (1-1-94. £N05%0. N°2h%hA A.NT9°F T LhA

ATEIETY SPUTENG Cho-f 0 RTEYET

Lvé N0TCA 176 WCTVFo- KDV

AT P1Ah Used oil §00-§ A78.4-1450 1P LT ool e dm- o-m -
nHY A7L°%htam- PCOAA::

Test method

S/N Property (ASTM) TEST RESULT FOR USED OIL
1. | Density@15°C, g/ml D 4052 0.8927
Density@ZO"C, g/ml D 4052 0.8898
2. | Flash Point (PMCC), °C D 93 >100
3. | Kinematic viscosity at 40 °C D 445 5.83
4. Conradson Carbon Residue, %Wt. D 189 1.50
5 Ash Content, %Wt. D 482 0.98

e  The results in thi

s repo < fgt%gglqygt:%je sample tested.
hnaged- oc (3 e
&7 1959 N

X

L@ This test report shall not be reproduced or given to a third party without written approval of the Petroleum Quality Control Service Head J
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Appendix C

Indian Standard
METHODS OF TESTS FOR INTERNAL COMBUSTION ENGINES
PART V PREPARATION FORTESTS AND MEASUREMENTS FOR WEAR
IS: 10000 (Part V) — 1980 (Reaffirmed 2001) Edition 1.1 (1985-03)

* Proformae For Recording Dimensions Of Critical Components Of Engines And Measurements For
Wear After Endurance Tests

6. Measurements for Wear

6.1 Final Inspection — At the completion of type tests, the engine shall be dismantled. Its
condition shall be noted and the dimensions of critical parts mentioned in 3 shall be recorded in
the proformae given in Appendix A.

6.1.1 The wear of critical components shall be recorded in proformae given in Appendix A and
ghall be compared with the declarations made by the manufacturer.
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The revised methods of tests covered by IS: 10000 have been aligned with the current international
practices in the field of I.C. engines. These parts are in general agreement with the following IS0
standards, issued by the International Organization for Standardization:

a) ISO 3046/1-1975 Reciprocating internal combustion engines — performance: Part I
Standard reference conditipns and declarations of power, fuel consumption and lobricating

o1l consumption

b} ISO 3046/T-1977 Reciprocating internal combustion engines — performance: Part I Test
methods

¢} IS0 3046/TII-1979 Beciprocating internal combustion engines — performance: Part 111
Test measurements

d) ISO 2710-1978 Reciprocating internal combustion engines — vocabulary This Part V of IS:
10000 covers the procedure for measurement of wear of critical components for engines.
Althowgh the wear after the endurance test has not been specified, it 1s expected that data
collected by implementation of this standard will enable the commuittee to lay down the

specification limits for acceptance at a later date.
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Appendix D

mnd Codes of Practics for Engites Subesmmittan, EDC 1ay 3 [ Ref i Doe (EDT 14 [2133)]

Tateimal Comboslion Evgines Sectional Commiites, EDC 14; Methody of Test

. { Reaffirmed 2004 )
fndian Stagdard

METHODS OF TESTS FOR
INTERNAL COMBUSTION ENGINES

PART IX ENDURAMCE TESTS

i. Scopes — Specifies the method of conducting endurance Bests on consiant speed and wariable
speed internal combustion angines.

2. Section |-~ Endurance Teels for Constant Speed Engines — These tests shall be parformed
after the initial performance tests specified in IS : 10000 [ Part Wil J-1990 - Methods of tesks for
imternal combustion enginesa: Part VIl Parformance tests "

2.1 A#er complelisn af tha initial performance test the engina shall be run for 32 cycles { each ol
16 hours continuous running ) at rated speed.

211 Test cycle for IS Rating A

Load [ Percend of Rafed Load ) Runmring Fime (Hours )
100 4 [ including warm-up
pariod of 05 h )
ED 4
110 1
Me |load ( ldling ] o5
100 3
80 R

2.1.2 Test cycle far IS Raling 8

Load [ Percend of Rated Load ) Running Time { Hours )
160 4 [Intludingw&tm-up
period of @5 h)
L] q
100 1
Mo load { Idling ) (131
100 3
50 a5

2.2 Arthe end of sach 16 hours cyels, tha engine shall be slopped snd necossary sarvicing and
minor adjustments may ba carried cut in accordance with thee manufacturer's schaduls,

2.3 Bafare starting thae Aext cycle, the temperatura of the angine sump oil shall have reached within
5 K of the room tempeérature.

2.4 The enging shall be topped up with engine oil, if required and the quantity consumed recarded,
in case the duration of the endurance test iz longer than the period of cil change recommendad by
the engine manulacturer, the ol shall be changed azzording 1o the manufacturar's recommended
schedule, The amount of make up oll used during the tesis shall be uwsed to establish the
lubricating oil consumption rate.

Adopted 31 Decombar 1580 (Z) May 1581, BIS Gr 2

BUREAU OF INDIAN STANDARDS
MENAE BHAVAN, 9 BAHADUR SHaH JAFAR MaRG
MEW DELHI 110002
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