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Abstract
Bio-Fuel oils are used as alternate substitute to diesel in CI 
engines with improvement in engine performance and also 
reducing harmful exhaust gas emissions. Various blends have 
been reported by researches in this area as the optimum, giving 
higher or comparable engine performance. Bio-diesel is one of 
the most promising alternatives for diesel needs. The present 
work is focused on the performance of Castor seed oil, Mustard 
seed oil and Sunflower seed oil and its blend with diesel on a 
four cylinder, 4 stroke, naturally aspirated, direct injection, water 
cooled, hydraulic dynamometer diesel Engine for variable loads. 
The physical and chemical properties of Castor oil, Mustard oil and 
Sunflower seed oil and its blend were determined. The objective 
of using vegetable oil is to convert waste vegetable oil used for 
domestic purposes such as cooking oil into biodiesel using an 
alkali catalyzed transesterification process. 
The performance and emission characteristics of engine will be 
studied using Castor seed oil, Mustard oil and Sunflower seed oil 
and their blends with diesel and by analyzing the performance 
characteristics and emission characteristics at the rated load 
and compared with pure diesel to finding out the best blend of 
biodiesel.
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I. Introduction
In the face of escalating oil prices and depleting oil reserves, the 
search for alternative sources of fuels has been intensified more 
than ever before in the history of mankind. Aside energy security 
concerns, issues of climate change as a result of the emission 
of carbon dioxide (CO2) and carbon monoxide (CO) and other 
harmful compounds associated with the use of fossil fuel have 
also been one of the driving forces in the search for alternative 
sources which are environmental friendly and sustainable.
The use of vegetable oil in diesel engines dates back to 1892 
when Rudolf Diesel demonstrated his new invention (diesel 
engine) using peanut (groundnut) oil as the fuel. Aside economies 
of scale (Gerpenet al, 2007) which favored petroleum derived 
fuels subsequently, other factors have also hampered the use of 
vegetable oils in diesel engines of great concern are the relatively 
high viscosities and the low volatilities of most of the vegetable oils 
and carbon deposits on the piston during the running of the engine. 
All these factors have been observed to have a negative impact 
on the performance of the engine. A possible remedy proposed by 
many authors is the blending of the vegetable oil and diesel in some 
proportions (Cloin, 2007). This is expected to cut down on cost, 
improve the fuel properties to make it suitable for use in engines 
and also reduce the quantity of greenhouse gases being emitted 
into the atmosphere. The other possible remedy is to modify car 
engines to run purely on B100 (100% vegetable oil). This could be 

expensive but one that may provide a long-term solution barring 
any conflict with food production.

Advantages to use Biodiesel
Biodiesel can be used in existing engines without any 1. 
modifications. 
Biodiesel is made entirely from vegetable sources; it does not 2. 
contain any sulfur, aromatic hydrocarbons, metals or crude 
oil residues. 
Biodiesel is an oxygenated fuel; emissions of carbon monoxide 3. 
and soot tend to be reduced compared to conventional diesel 
fuel. 
Unlike fossil fuels, the use of biodiesel does not contribute 4. 
to global warming as CO2 emitted is once again absorbed by 
the plants grown for vegetable oil/biodiesel production. Thus 
CO2 balance is maintained. 
The use of biodiesel can extend the life of diesel engines 5. 
because it is more lubricating than petroleum diesel fuel. 
Biodiesel is produced from renewable vegetable oils/animal 6. 
fats and hence improves fuel or energy security and economy 
independence.

II. Literature Survey
Biodiesel can be legally blended with petroleum diesel in any 
percentage. ASTM International develops specifications for 
conventional diesel fuel (ASTM D975). These specifications 
allow for biodiesel concentrations of up to 5% (B5). Low-level 
biodiesel blends, such as B5 are ASTM approved for safe operation 
in any compression-ignition engine designed to be operated on 
petroleum diesel. Biodiesel can be blended and used in many 
different concentrations, including B100 (pure biodiesel), B20 
(20% biodiesel, 80% petroleum diesel), B5 (5% biodiesel, 95% 
petroleum diesel) and B2 (2% biodiesel, 98% petroleum diesel) 
[5].

A. Castor Seed Oil
K. B. Yogeshwaran, G. Raghu, G. Naveenrajworked over to study 
the performance characteristics of single cylinder four stroke direct 
injection diesel engine using Castor seed oil [1] as an alternate 
fuel. Here castor seed oil is used in the form of blends at various 
proportions with diesel. A single cylinder, four stroke, constant 
speed, water cooled, direct injection diesel engine is used for 
the experiment. The performance characteristics of engine are 
determined using Castor oil blends with diesel. These results are 
compared to those of pure diesel. The performance of the engine 
will be measured using electrical dynamometer and the emissions 
such as CO2, CO, HC & NOx will be measured using exhaust gas 
analyzer. After acquiring the experimental data they analyzed for 
various parameters such as thermal efficiency, brake specific fuel 
consumptions (BSFC). It is concluded that castor non-edible oil 
can be used as an alternate to diesel, which is of low cost. 
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B. Ethanol & Castor Seed Oil Blend 
M.Arunkumar, M.Kannan, V.NadanaKumar investigated that 
Ethanol is a good cooling agent due to blending of ethanol so the 
NOx will be reduced [2]. For those mixtures the brake thermal 
efficiency, brake specific fuel consumption and combustion 
characteristics are calculated. The gas emissions of NOx, carbon 
monoxide (CO), carbon dioxide (CO2), hydrocarbons (HC), are 
being measured by the use of AVL smoke meter. The experimental 
investigation has been done on single cylinder CI Engine coupled 
with an eddy current dynamometer, data acquisition system 
(Kirolskar high speed four stroke diesel engine with 3.2 KW, 
1500rpm.) and the result are recorded [2]. The C15E5 have lower 
value of NO, Unburnt hydrocarbon than diesel. This is due to 
better combustion of fuel inside the cylinder than diesel. The 
Exhaust gas temp and Brake thermal efficiency for C15E5 is less 
comparing to C10E5 and pure diesel As the above graphs shows 
that C15E5 with 80% diesel, 15% castor oil and 5% methanol gives 
us optimum values of performance and emission characteristics 
comparing to C15E5 and pure diesel.

C. Neem Oil
As per the conclusion of author L. Prabhu, S. Sathish Kumar, M. 
Prabhahar and K. Rajan,the combustion, performance and emission 
characteristics of a diesel engine with the effect of using neem oil 
methyl ester and its diesel blends at different loads, The results 
showed that maximum cylinder pressure and maximum rate of heat 
release increased with the increase in bio diesel blends. The carbon 
monoxide (CO) and smoke emissions were found significantly 
lower when operating on biodiesel blends, but Nitrogen Oxide 
(NOx) emissions are found to be higher at full load.

D. Sunflower Seed Oil
In the research of MihirJ.Patel, Tushar M. Patel, Gaurav R. 
Rathod, the prospect of waste fried oil based fuel production is 
very attractive for energy conversion in a developing country like 
India[7]. The fuel properties of the biodiesel produced from the 
waste cooking oil by the transesterification process is satisfies the 
important fuel properties as per ASTM specification of biodiesel. 
The conclusions derived from present experimental investigations 
to evaluate performance characteristics on computerized four 
stroke single cylinder diesel engine fueled with diesel-waste 
cooking oil blends are summarized as follows.
This type of blend of fuel can directly used in the engine without 
modification in the engine. As the waste cooking oil concentration 
increased in the diesel fuel the break thermal efficiency is to be 
decreased. The break thermal efficiency in the D90B10 blends 
which is nearest to the diesel fuel. Brake thermal efficiency 
decreased with all blends when compared to the conventional 
diesel fuel. 
The Specific fuel consumption is increased with the blends when 
compared to diesel. In the D70B30 blend the fuel consumption is 
nearest to the diesel fuel. Also the concentration of Waste cooking 
Oil increased the fuel consumption also increased. The Brake 
specific energy consumption decreased with increasing load.
Mechanical efficiency is high in D80B20 blend as compared to 
the conventional diesel fuel. 

E. Mustard & Need Oil Blend
To study the feasibility of using two edible plant oils mustard 
and neem as diesel substitute Jayashri N Nair, J. Deepthi, K. 
Siva kalyanimade a comparative study on their combustion 
characteristics on a C.I. engine [5]. Oils were esterified (butyl 

esters) before blending with pure diesel in the ratio of 10:90, 15:85, 
20:80, and 25:75 by volume. Pure diesel was used as control. 
Studies have revealed that on blending vegetable oils with diesel a 
remarkable improvement in their physical and chemical properties 
was observed. Engine (C.I.) was run at different loads (0, 4, 8, 
12, 16, and 20 kg) at a constant speed (1500 rpm) separately on 
each blend and also on pure diesel. Results have indicated that 
engine run at 20% blend of oils showed a closer performance to 
pure diesel. However, mustard oil at 20% blend with diesel gave 
best performance as compared to neem oil blends in terms of low 
smoke intensity, emission of HC and NOx. All the parameters 
tested viz., total fuel consumption, specific energy consumption; 
specific fuel consumption, brake thermal efficiency and cylindrical 
peak pressure were improved [5]. These studies have revealed 
that both the oils at 20% blend with diesel can be used as a diesel 
substitute. 

III. Transesterification Process
In the recent work Transesterification process is used to produce 
Biodiesel from vegetable oil. Transesterification process is defined 
as the process in which chemically reacting triglycerides such 
as one of the vegetable oil react with an alcohol in presence of 
an alkaline or acidic catalyst to produce glycerol and fatty acids 
ester.
Flow chart of Transesterification process

Fig. 1: Flow Chart of Transesterification Process

In this process the ester is produced when vegetable oil combines 
with a simple alcohol in presence of a catalyst. The fatty acids 
of vegetable oil exchange places with the (OH) groups of the 
alcohol producing glycerol and methyl, ethyl or butyl fatty acids 
ester depending on the type of alcohol used.

IV. Properties of Vegetable Oil and Diesel

Properties Castor 
Seed Oil

Mustard 
Seed Oil

Sunflower 
Seed Oil Diesel

Specific Gravity 0.96 0.672 0.915 0.835
Viscosity (mm2/s) 226.82 33.8 33.90 7.50
Flash point (°C) 317 518 297 50
Calorific value (kJ/
kg) 36,200 42,100 34,750 42,250

Fire Point (C) 345 90 341 64
Cetane No 40 47 37.1 49
Acid Value 1.642 1.5 0.726 0.062
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V. Conclusion
From the literature survey, it is feasible to work over the Sunflower, 
Mustard and Castor oil biodiesel in a variable compression 
engine.
The performance of engine could be satisfactorily increased by 
blending the Sunflower, Mustard and Castor oil biodiesel in diesel 
with 5%, 10% and 15% proportions and ascertain best blend of 
biodiesel from comparing it with diesel performance.
The emissions using the biodiesel could be satisfactorily reduced; 
the CO, CO2 and HC reduce while the NOx emissions should 
increase because of higher oxygen content and higher exhaust 
gas temperature as compared to that with diesel. 
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