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Abstract 

Demands to use the world’s fossil fuel reserves have been getting higher recently due to global industrialization and the increase 

of road vehicles running on petroleum-based fuels. Nowadays, fossil fuels are used mostly in the transportation sector; in which 

diesel is the most commonly used fuel. The fuel properties put great impact on engine performance. The Biodiesel cannot be 

directly used in the diesel engines because some of its fuel properties which poorly affect engine operation, but it can be blended 

with diesel fuel or alcohols. The present research is aimed at exploring technical feasibility of Jatropha oil in compression ignition 

engine without any substantial hardware modifications. In this work the methyl ester of Jatropha oil was investigated for its 

performance as a diesel engine fuel. The blends were obtained by mixing diesel and esterified Jatropha in the following proportions 

J10D90 which indicates jatropha biodiesel 10% and Diesel 90%, Similarly J20D80, J30D70, J40D60, J50D50, J75D25 and J100D0 

were prepared. Experiments have been conducted with J0D100 (Pure diesel) and J100D0 (Pure biodiesel). The aluminium oxide 

additive is added to methyl ester of Jatropha to study the performance and exhaust emissions of diesel engine. Further the 

proportions extends to the different ratios of prepared biodiesel. Performance parameters like brake thermal efficiency, specific 

fuel consumption, brake power were determined. Exhaust emissions like CO2, CO, NOX and smoke have been evaluated.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

The development of human society has relied heavily on fossil fuel [1]. Large quantities of fossil fuels have been consumed, and 

harmful emissions are being released into the environment by automobiles, especially in recent decades [2]. To solve the energetic 

and environmental dilemmas, the application of biomass-based fuels in automobiles is receiving increasing public and scientific 

attention [3]. As alternative fuels, biomass-based fuels, commonly known as biofuels, have many advantages over fossil fuel [4]. 

Firstly, biofuels from common biomass sources are readily available. Secondly, the application of biofuels circulates carbon 

between the air and the fuel, and the problems such as greenhouse gas emissions and energy shortages can be solved 

simultaneously. Thirdly, most biofuels, such as biodiesel and ethanol, have suitable physicochemical properties for effective 

combustion in internal combustion engines without or with minor modifications. In particular, most biofuels contain a certain 

proportion of molecular oxygen which can help the combustion of fuel. In fact, there have been great successes in the application 

of biofuels in the field of internal combustion (IC) engine [5]. Bioethanol has been widely used as a renewable substitute for 

gasoline in spark ignition (SI) engines [6]. After extensive studies, it has been seen that biodiesel, due to its biodegradability and 

renewability can be used as an alternative to diesel. However, the use of 100% biodiesel has potential downsides such as fuel-

related phase separation and higher emissions as compared to diesel. Bio alcohols which can be produced from renewable feedstock 

cannot directly be used in diesel engines because of low cetane number and high latent heat of evaporation as well as high water 

content in low temperatures. In spite of such disadvantages, biodiesel and bio alcohols are still two of the most important alternative 

types of fuels for use in diesel engines. Most of the research in that regard has focused on blends with diesel and in order to reduce 

the disadvantages of vegetable oils used in biodiesel production and other fuel-related problems, with research showing particular 

focus on alcohols such as methanol (CH3OH) and ethanol (C2H5OH) [7]. Direct use of consumable vegetable oils in biodiesel 

production can have adverse effects on their availability for human use and thus, biodiesel made of waste vegetable oils and non-

edible oils is a preferred source of fuel. With the fact that methanol and ethanol have phase separation at low temperatures and that 

diesel engines have high cost of repairs, there are hurdles to use both alcohols. In addition, methanol and ethanol have shown low 

engine performance and high emissions as well. In order to solve such problems, it has been proposed to use alcohols with higher 

carbon chains, which eventually have better fuel properties such as higher cetane number, higher calorific value and lower latent 

heat of evaporation.  The application of biodiesel in compression ignition (CI) engines has also been studied in detail [8]. Recently, 

the preparation and application of biogas have been extensively studied [9, 10]. Generally, the main compositions of biogas can 

be divided into two constituents: combustible components and non-combustible components. Typically, the composition of 

biological gas is likely to be methane (approximately 55–70% by volume) and carbon dioxide (30–40%). Depending on the raw 
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materials and preparation technologies of biogas, other components include carbon monoxide, hydrogen, carbon dioxide, and 

nitrogen and hydrogen sulphide. Studies have shown that biogas can be prepared from various raw materials by thermochemical 

or biochemical conversion [11]. The developed low-temperature catalytic reaction system based on microalgae, which yields 

methane-rich fuel gas [12]. 

In this work, Al2O3 was added to diesel-biodiesel blends and characteristics of engine performance and emissions were 

investigated. 10%, 15% and 20% (by volume) aluminium oxides was blended with diesel-biodiesel to create D85B10 with Al2O3 

additive, D80B15 with Al2O3 additive and D75B20 with Al2O3 additive test fuels. 

II. MATERIALS, METHODS AND EXPERIMENTAL SETUP   

A lot of research work has been carried out to use vegetable oil both in its neat form and modified form. Studies have shown that 

the usage of vegetable oils in neat form is possible but not preferable. The high viscosity of vegetable oils and the low volatility 

affect the atomization and spray pattern of fuel, leading to incomplete combustion and severe carbon deposits, injector choking 

and piston ring sticking. The methods used to reduce the viscosity are (i) Blending with diesel, (ii) Emulsification (iii) Pyrolysis 

and (iv) Transesterification   

The engine used for this experimental investigation was a single cylinder 4-Stroke naturally aspirated water cooled diesel engine 

having 6HP as rated power at 4.47 kW. The engine was coupled to a brake drum dynamometer to measure the output. Fuel flow 

rates were timed with calibrated burette. Exhaust gas analysis was performed using a multi gas exhaust analyzer. The pressure 

crank angle diagram was obtained with help of a piezo electric pressure transducer. A Bosch smoke pump attached to the exhaust 

pipe was used for measuring smoke levels. The specification of the test engine is tabulated in Table .1. Measurement of exhaust 

gas emissions and smoke opacity has been carried out using Indus five gas analyser- model PEA205 and Netel's smoke meter 

model NPM-SM-111B respectively. 
Table – 1 

Specifications of the test engine. 

Engine make Field Marshal 

Engine type Subaru RGD 3300H 

Displacement (ml) 347 

Fuel injection system Direct 

Max. power (kW) 4.47 

Speed (rpm) 650 

Compression Ratio 16:1 

Number of cylinders 1 

Number of cycles 4-Cycle 

Intake system Natural aspirated 

Cooling system Air Cooled 

III. PREPARATION OF BIODIESEL 

The biodiesel used in this study was Jatropha oil. This biodiesel was produced from jatropha seed. The jatropha was chosen because 

it is not edible therefore, it will not pose a problem to humans in terms of food competition. Before the transesterification process 

was carried out, some basic tests such as free fatty acid content, iodine value and moisture content were carried out. This was done 

so as to ascertain quality yield of the biodiesel after the reaction.  In order to evaluate biodiesel as Compression Ignition Engine 

Fuel, various blends of jatropha biodiesel and conventional diesel have been prepared by mixing different amount of biodiesel and 

diesel. For example, J20D80 indicates that it contains 20% of jatropha biodiesel and remaining 80% is diesel. For finding the 

optimum ratio, the blends J10D90, J20D80, J30D70, J40D60, J50D50, J75D25 and J100D0 were prepared. Experiments have been 

conducted with J0D100 (Pure diesel) and J100D0 (Pure biodiesel) also. The schematic representation of the research engine test 

bench is shown in Figure 1. The Table 2 categories the properties of Diesel and Jatropha oil. 
Table – 2 

Properties of Diesel and Jatropha oil 

Properties Diesel Jatropha Biodiesel 

Kinematic Viscosity  (mm2/sec) 2.82 50.73 

Density (kg/m3) 840 920 

Calorific value (MJ/kg) 43.3 39.62 

Cetane Number 46 51 

Flash Point 0C 74 110 
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Fig. 1: Research Engine Test bench 

IV. RESULTS & DISCUSSION 

Blend stability is important for the additive usage in diesel engines. Therefore, blend stability tests were performed before the 

experimental procedure. The maximum value of efficiency has been found for J20D80 fuel sample as 28.14% which is 4.26 % 

higher than diesel for 80% of rated engine load. After mixing jatropha biodiesel in diesel oil, the brake thermal efficiency of the 

engine improves as jatropha biodiesel provides better lubricity to the fuel resulting in lower loss of power in fuel pump as shown 

in Figure 2. The oxygen molecules available in jatropha biodiesel enhance the combustion quality. As the jatropha biodiesel content 

increases in the fuel sample, BTE increases up to J20D80 blend, beyond this blend, it further reduces for all the loads. It may be 

due to higher concentration of biodiesel (above J20D80) in the blend which tends to reduce the net calorific value of the mixture 

leading to increase in fuel consumption as compared to J0D100-J20D80 fuel samples. The BTE of J100D0 sample is observed to 

be lower than conventional diesel for all the brake load. It may be due to high viscosity and lower calorific value of jatropha 

biodiesel. The fuel samples J10D90- J20D80 perform better than diesel. The exhaust gas analyzer increases as the brake power 

increases, the representation is clearly shown in Figure 3. The emission device of AVL Sesame FTIR is used to measure the smoke 

emission. In this study, carbon monoxide (CO), carbon dioxide (CO2), total hydrocarbon (THC) and oxides of nitrogen (NOx) 

emissions (which consist of NO + NO2) were measured. Hydrocarbon emissions are the products of incomplete combustion. The 

hydrocarbon emissions are divided into two classifications as non-methane hydrocarbons (NMHC) and total hydrocarbon (THC). 

THC emissions results were given in Fig. 4 for all test fuels under different engine speeds and loads. As seen from the figure, an 

increase in engine load provided decreases in THC emissions. Fig. 5 shows the NO, NO2 and NOx emissions of the test fuels for 

all test conditions. NOx emissions did not significantly change with respect to engine speed. The smoke emission with brake power 

is notified and give a necessary information in this study in Figure 6. Alternate fuels for diesel engines have become increasingly 

important due to reducing petroleum reserves and the environmental consequences of exhaust gases from petro-fuel. Thus Jatropha 

bio-diesel can be adopted as an alternative fuel for the existing diesel without any major modification in the system hardware. The 

different tests for characterization of bio-diesel demonstrated that almost all the important properties of bio-diesel are in close 

agreement with the diesel oil making it a potential candidate for the application in diesel engine for partial / full replacement of 

diesel fuel. 

 
Fig. 2: Variation Graph of Brake Thermal Efficiency (BTE) with Brake power 
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                       Fig. 3: Exhaust Gas temperature with Brake power                         Fig. 4: Unburnt HC with Brake power 

 

     
                               Fig. 5: Nitrogen oxides with brake power                                       Fig. 6: Smoke with brake power 

V. CONCLUSION 

Jatropha oil, which are important biodiesel, play a critical role to increase the amount of alternative fuel in diesel engines. With 

this purpose, this study proposed the addition of aluminium oxide in diesel and the evaluation of binary blends in diesel engines 

for investigating engine performance and emissions. The main conclusions from this study can be outlined as follows: 

1) The most important advantage of jatropha oil blends is that it can be safely used in diesel engines without any engine 

modification or any additive. 

2) The blend of 10-20% Jatropha bio-diesel with conventional diesel is found to be the best proportion as far as brake thermal 

efficiency is concerned  

3) Emission Characteristics of engine shows that the use of Jatropha Biodiesel reduces the harmful emission from unburnt hydro 

carbon, CO2 is evaluated through the graphical study. 

4) Nitrogen oxide emission is found to be little bit higher with some blends of bio-diesel for some range of brake power 

5) Jatropha oil-diesel blends have the potential to achieve high efficient and clean combustion for diesel engines without changing 

the mechanical structure of the baseline engine. 

In conclusion, Jatropha is a promising alternative fuel for use in diesel engines and future studies of various blends in different 

engines for extended periods of times would be valuable for increasing alternative fuel use in engines and reducing emissions. 
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