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Abstract— To study brings out an experimental of two 

biodiesels from neem oil and mustard oil they are blended 

with diesel at various mixing volumetric ratios. The existing 

studies have revealed the use of vegetable oils for engines as 

an alternative for Diesel fuel. However, there is a limitation 

in using straight vegetable oils in diesel engines due to their 

high viscosity and low volatility. In the present work, neat 

neem oil and mustard is converted into their respective 

methyl ester through transesterification process. In order to 

achieve this, Biodiesel was prepared from the non-edible oil 

of neem, mustard by transesterification of the oil with 

methanol in the presence of NaOH as catalyst. The important 

fuel properties of biodiesel produced from Neem oil and 

Mustard oil, like viscocity, flash point, fire point, calorific 

value and emission should be found out to compare with the 

properties of Indian standard biodiesel for its use. 

Experiments are conducted using various blends of methyl 

ester of neem oil and mustard oil with diesel in a single 

cylinder, four stroke vertical and air cooled Kirloskar diesel 

engine. The brake thermal efficiency, unburned hydrocarbon 

and smoke density are observed to be lower in case of neem 

and mustard biodiesel blends than diesel. 
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I. INTRODUCTION 

Biodiesel is an alternative fuel similar to conventional or 

‘fossil fuel’ diesel. Biodiesel can be prepared from straight 

vegetable oil, animal facts, and waste cooking oil. It is an 

environmental process and does not affect the environment. 

The biodiesel can be prepared from the edible oil and non-

edible oil. Most of the biodiesel are produced from the waste 

vegetable oil because the facts presented in the waste edible 

oil less and the cost of the waste edible oil is very less. The 

biodiesel is a ‘carbon neutral’ this means that the fuel 

produces no net output of carbon in the form of carbon 

dioxide. This effect occurs because of when the oil crop 

grows it absorbs the same amount of carbon dioxide as is 

released when the fuel is combusted. Biodiesel produced 

from the waste vegetable can complete with fossil fuel. The 

biodiesel produces a less amount of pollution when compared 

with fossil fuel. Biodiesel can be used alone or blended with 

petrol diesel in any proportions. 

The preservation of energy is decreasing now a days 

and it alleged that it leads to energy demand. In the last two 

decades, alternative fuels have obtained and identified as 

essential. A potential biodiesel substitutes diesel oil, 

consisting of ethyl ester of fatty acids produced by the 

transesterification reaction of triglycerides of vegetable oils 

and ethanol with the help of a catalyst. In addition, biodiesel 

is better than diesel fuel in terms of very low sulfur content 

and it is also having higher flash and fire point temperatures 

than in diesel fuel. A lot of research work pointed out that 

biodiesel has received a significant attention and it is a 

possible alternative fuel. Biodiesel and its blends with diesel 

were employed as a fuel for diesel engine without any 

modifications in the existing engine. 

II. NEEM AND MUSTARD SEEDS 

Neem is a fast-growing tree that can reach a height of 15–20 

metres (49–66 ft), and rarely 35–40 metres (115–131 ft). It is 

evergreen, but in severe drought it may shed most of its leaves 

or nearly all leaves. The branches are wide and spreading. The 

fairly dense crown is roundish and may reach a diameter of 

15–20 metres (49–66 ft) in old, free-standing specimens. The 

neem tree is very similar in appearance to its relative, the 

Chinaberry (Melia azedarach). The opposite, pinnate leaves 

are 20–40 centimetres (7.9–15.7 in) long, with 20 to 31 

medium to dark green leaflets about 3–8 centimetres (1.2–3.1 

in) long. The terminal leaflet often is missing. The fruit is a 

smooth (glabrous), olive-like drupe which varies in shape 

from elongate oval to nearly roundish, and when ripe is 1.4–

2.8 centimetres (0.55–1.10 in) by 1.0–1.5 centimetres (0.39–

0.59 in). The fruit skin (exocarp) is thin and the bitter-sweet 

pulp (mesocarp) is yellowish-white and very fibrous. The 

mesocarp is 0.3–0.5 centimetres (0.12–0.20 in) thick. The 

white, hard inner shell (endocarp) of the fruit encloses one, 

rarely two, or three, elongated seeds (kernels) having a brown 

seed coat. Mustard Plants can reach 16 cm (6.3 in) in length. 

The yellow flowers grow in spike like clusters of 2–12 

flowers and individual flowers are 8 mm (0.3 in) in diameter. 

The seeds are red to brown in color and produced from each 

flower. Mustard can grow 1.2-2 m (4–6.6 ft) in height and as 

an annual plant, survives only one growing season. Mustard 

may also be referred to as mustard, brown mustard, red 

mustard, yellow mustard or wedlock and is believed to have 

originated in the temperate regions of Europe 

III. PERFORMANCE CHARACTERISTICS 

Thermal Efficiency is defined as break power of a heat engine 

as a function of the thermal input from the fuel. BTE 

constantly increases based on the load condition. This was 

due to a reduction in heat loss and increase in power with 

increase in percent load. The brake thermal efficiency is quite 

higher than that of diesel.  Specific fuel consumption, 

abbreviated SFC, compares the ratio of the fuel used by an 

engine to a certain force such as the amount of power the 

engine produces. Higher proportions of ball nutt oil in the 

blends increases the viscosity which in turn increases the 

specific fuel consumption due to poor atomization of fuel. 

IV. LITERATURE REVIEW 

Theansuwan and Triratanasirichai (2011) concluded that the 

biodiesel produced by transesterification showed similar 

properties to the standard biodiesel. 
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Agarwal et al. (2008) investigated that the process 

of transesterification is found to be an effective method of 

reducing viscosity of vegetable oil. 

Lawrence et al. (2011) revealed that prickly poppy 

methylester (PPME) blended with diesel could be 

conveniently used as a diesel substitute in a diesel engine. The 

test further showed that there was an increase in break thermal 

efficiency, brake power and reduction of specific fuel 

consumption for PPME and its blends with diesel. 

Deepanraj et al. (2011) described that the lower 

blends of biodiesel increased the brake thermal efficiency and 

reduced the fuel consumption. In addition to this, biodiesel 

blends produce lower engine emissions than diesel. 

Rahimi et al. (2009) used Diesterol (combination of 

diesel fuel, bioethanol and sunflower methyl ester) as a fuel 

for diesel engines. The authors revealed that, as the 

percentage of bioethanol in the blends is increased, the 

percentage of CO concentration in the emission is reduced. 

This trend is due to the fact that bioethanol has less carbon 

than diesel. 

Mani et al.(2009) investigated the diesel engine runs 

with waste plastic oil as fuel. The authors concluded that, the 

smoke was reduced by 40% than diesel. 

Muralidharan and Govindarajan (2011) prepared 

biodiesel from non-edible pongamia pinnata oil by 

transesterification and used as a fuel in C.I engine. The 

authors reported that blend B5 exhibits lower engine 

emissions of unburnt hydrocarbon, carbon monoxide, oxides 

of nitrogen and carbon dioxide at full load. 

Venkatraman and Devaradjane (2011) performed 

the experiments in a single cylinder DI diesel engine fueled 

with a blend of pungam methyl ester for the proportion of 

PME10, PME20 and PME30 by volume with diesel fuel for 

validation of simulated results. The authors observed that 

there is a good agreement between simulated and 

experimental results. 

Kumar et al. (2003) conducted the experiments 

using pure jatropha oil, jatropha methyl ester, blends of 

jatropha and methanol and dual fuel operation (0–80% 

methanol by volume is inducted and jatropha acts as pilot 

fuel). The authors reported that, brake thermal efficiency for 

jatropha esters, dual fuel operation and diesel was 29%, 

28.7% and 30.2% respectively. 

Srivastava and Verma (2008) carried out the 

experiments using methyl ester of karanja oil. The authors 

reported that, the maximum thermal efficiency with methyl 

ester of karanja oil was about 24.9%, whereas that of the 

diesel was 30.6% at maximum power output. The authors 

concluded that, the methyl ester of karanja oil is a suitable 

substitute of diesel. 

Ramadhas et al. (2008) studied the dual fuel mode 

operation using coir-pith derived producer gas and rubber 

seed oil as pilot fuel. The authors reported that, non-edible 

oils can be used as pilot fuel, which eliminates the use of 

petroleum diesel. 

Nwafor (2004) studied the potential of rapeseed 

methyl ester and its blends with diesel fuel as alternative 

substitute for diesel fuel. The author described that, the fuel 

consumption of rapeseed methyl ester was little higher than 

diesel fuel operation. 

Forson et al. (2004) found that, jatropha oil could be 

conveniently used as a diesel substitute, in a diesel engine. 

Wanget al. (2006) confirmed that, the vegetable oils 

possess almost the same heat values as that of diesel fuel. The 

engine power output and the fuel consumption of the 

vegetable oil and its blends are almost the same when the 

engine is fueled with diesel. From the review of literatures, 

numerous works in the utilization of biodiesel as well as its 

blends in engines have been done. However, most of the 

literatures focused on single biodiesel and its blends. From 

previous studies, it is evident that single biodiesel offers 

acceptable engine performance and emissions for diesel 

engine operation. Very few experiments have been conducted 

with the combination of dual biodiesel and diesel as a fuel 

(Prabhakar et al.2012). 

Most of the literatures suggested that neem oil is a 

suitable substitute of diesel and a few research works have 

also been carried out with mustard oil. So, the neem oil and 

mustard oil were selected for this current study which is 

easily and locally available. As a first level of 

experimentation, the properties of above said fuels in various 

combinations were found out in this work. This proved that 

the calorific value of the dual biodiesels and its blends with 

diesel fuel is more than the single biodiesel 

V. NEEM SEED 

 
Fig. 1: Neem Seed 

VI. MUSTARD SEED 

 
Fig. 2: Mustard Seed 
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VII. METHODOLOGY 

The process of producing the biodiesel through chemical 

reaction is of many types. We are using transesterification 

process in our pilot biodiesel plant. This process involves 

vegetable fats from oil begin reacted with short-chains 

alcohols (like methanol or ethanol).The alcohol used should 

be of low molecular weight. The alcohol we used for the 

biodiesel preparation is methanol. The Transesterfication 

process consists of oil fats, base catalysts (NaOH or KOH) 

and alcohol (methanol or ethanol) react together to form the 

biodiesel and byproduct (i.e) glycerin. 

Oil + Alcohol + Catalysts → Biodiesel + Glycerin 

The biodiesel and the glycerin are formed by the 

above reaction. The biodiesel is formed in dark color and get 

deposited at the bottom. The glycerin is formed in white or 

light yellow color and float at the top of biodiesel. The top 

layer glycerin is removed and the biodiesel is collected. The 

process of converting the oil to biodiesel is called 

transesterification process. This process is long time process 

but it a simple process. The glycerin is formed because the oil 

fats are included in the ester family when they react with 

methanol or ethanol they form methyl or ethyl esters and a 

new alcohol called glycerol commonly called glycerin is 

formed. The used cooking oil can also be used to produce the 

biodiesel. 

VIII. PREPARATION OF BIODIESELS 

1 litre of Neem and Mustard oil is taken. Heat the oil up to 

50deg to remove the water content present in it. Then cool 

down the temperature of the ball nut oil.200ml of methanol is 

to be filled in a beaker.4.5 gm of NaOH pallets are to be 

dissolved in the methanol solution; it will act as catalyst for 

tranesterification process. The methoxide solution 

preparation in the process ball nut oil is made to react with 

methanol in the presence of base catalyst (NaOH). 

The pre-heated neem and mustard oil to be placed 

on hot plate. Maintain the temperature of 50-70deg.Stir the 

solution as shown in the fig2.400 rpm is to be maintained for 

stirring. Add the methoxide solution to the beaker. This 

process is to be continued for about 2 hrs 

 
Fig. 3: Stirring Process 

 
Fig. 4: 

After the process is completed, glycerol and bio-fuel 

will be obtained. After 24hrs glycerol at the bottom of the 

beaker and the bio-fuel. Float at the top layer as shown in fig3 

.Then separate the glycerol and bio-fuel 

Before blend 

Properties Diesel Neem Mustard 

Cetane number(CN) 45-55 34 29 

Specific gravity 0.83 0.934 0.956 

Viscosity (20°C) mm2/sec 4.7 22.75 36.32 

Calorific value (MJ/kg) 4.7 22.43 36.93 

Carbon (%) 42 73.32 68.43 

Hydrogen (%) 14 10.44 12.64 

 

(BIO DIESEL)METHYL ESTER 

Properties Diesel Neem Mustard 

Cetane number(CN) 45-55 52 47 

Specific gravity 0.83 0.904 0.916 

Viscosity (20°C) mm2/sec 4.7 4.75 5.32 

Calorific value (MJ/kg) 4.7 32.43 30.93 

Carbon (%) 42 74.32 82.43 

Hydrogen (%) 14 10.4 13 

Table 1: Properties of Vegetable Oils as Compared with 

Diesel (ASTM D975): 

 
Fig. 4: Sediment Solution 

IX. DIESEL ENGINE 

A. Engine Details 

IC Engine set up under test is Kirloskar TV1  having power 

5.20 kW at 1500 rpm which is 1 Cylinder, Four stroke , 

Constant Speed, Water Cooled, Diesel Engine, with Cylinder 

Bore 87.50(mm), Stroke Length 110.00(mm), Connecting 

Rod length 234.00(mm), Compression Ratio 17.50, Swept 

volume 661.45 (cc) 
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B. Combustion Parameters 

Specific Gas Const (kJ/kgK) : 1.00, Air Density (kg/m^3) : 

1.17, Adiabatic Index : 1.41, Polytrophic Index : 1.23, 

Number Of Cycles : 10, Cylinder Pressure Referance :  6, 

Smoothing 2, TDC Reference : 2 

C. Performance Parameters 

Orifice Diameter (mm) : 20.00, Orifice Coeff. Of Discharge: 

0.60, Dynamometer Arm Legnth (mm) : 185, Fuel Pipe dia 

(mm) : 12.40, Ambient Temp. (Deg C) : 27, Pulses Per 

revolution : 360, Fuel Type : Diesel, Fuel Density (Kg/m^3) 

: 870, Calorific Value Of Fuel (kj/kg) : 38082 

 
Fig. 5: 

X. PERFORMANCE CALCULATION 

Given Data 

N = 1500rpm 

W = 44.145N 

L = 0.110m 

D = 0.0875 m 

IMEP = 2.24 bar 

T = 90.60 sec 

1) Brake power (BP) 

= 2× ×N×(W×9.81)×Rmkw 

60×1000 

=  2×3.14×1500×4.5×9.81×0.185 

60 × 1000 

=   1.23 KW 

2) Indicated power (IP) 

= (IMEP) 105 ×L×A×N/2 

60 × 1000                            =2.24×105 × 0.110×(6×10-3 ) ×1500 

60 × 1000 

= 2.38 KW 

3) Total fuel consumption (TFC) 

= q  ×Density of dieselt 

= 10×10-6      × 868 

0.02502 

=  0.37 kg/hr 

4) Specific fuel consumption (SFC) 

= TFC 

BP 

=   0.3469 

1.26 

=  106.6 kg/KW h 

5) Mechanical Efficiency (  m) 

= BP   × 100 

IP 

= 1.26   ×100 

1.88 

=  0.15% 

6) Brake Thermal Efficiency (ɳ BT) 

=         BP             ×100 

TFC ×CV 

=    1.26                     ×100 

0.3469 × 43,500 

= 0.08 % 

XI. EXPERIMENTAL RESULTS 

A. Performance Characteristics 

Thermal Efficiency is defined as break power of a heat engine 

as a function of the thermal input from the fuel. BTE 

constantly increases based on the load condition. This was 

due to a reduction in heat loss and increase in power with 

increase in percent load. The brake thermal efficiency is quite 

higher than that of diesel.  Specific fuel consumption, 

abbreviated SFC, compares the ratio of the fuel used by an 

engine to a certain force such as the amount of power the 

engine produces. Higher proportions of ball nutt oil in the 

blends increases 
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Table 2: Performance of the engine after blending in shown 
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1) Comparison between Brake Power & Indicated Power 

 
Fig. 6: 

Three different B40 specimen has taken and conducted 

compression test for to identify the compression strength in 

the specimen. The graph shown, Load Vs Brake power, the 

load increased proportionally break power will increased and 

vice vesa. Similarly, load Vs indicated power and load Vs 

Feed power are also shown in the graph. It’s also load 

increased gradually indicated power also increased and feed 

power2.  

B. Indicated vs Brake Thermal Efficiency 

In this graph shown about the result of indicated power and 

brake thermal efficiency. Indicated power increased at the 

same time brake thermal efficiency also increased. 

 
Fig. 7: 

C. Torque, Mechanical & Volumetric Efficiency 

 
Fig. 8: 

In this graph shown about the graph of torque, mechanical 

and volumetric efficiency. Specimen 1 and specimen 2 are 

shown the similar graph, so we take the result from that, load 

directly proportional to the mechanical efficiency and 

volumetric efficiency. If load increased, at same time 

mechanical and volumetric efficiency will increased then 

viseversa. 

D. Heat Brake Power, Heat Water Jacket, Heat Exhaust 

Gas. 
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Table 3:      

 
Fig. 9: 

 

In this graph shown, load Vs heat brake power, heat water 

jacket and heat exhaust gas. First specimen shown load 

gradually increased at the time heat brake power and heat 

water jacket increased. Second specimen shown load 

increased from initially, heat brake power and heat water 

jacket start from near 10 Kw. 

1) Specific Fuel Consumption & Fuel Consumption 

 
Fig. 10: 
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In the graph the results about the specific fuel 

consumption and fuel consumption. Load Vs specific fuel 

consumption and fuel consumption. Here load increased as 

well as fuel consumption also increased. 

 Emission Tabulation 

60%DIESEL AND 10%BIO-DIESELThe blending process 

is starting with ratio of 60% of diesel and 40% of bio-diesel. 

The Emission of the engine after blending in shown in table 

2) Emission OF COX 

 
Fig. 11: 

CO emissions at different idling conditions for diesel and 

biodiesel blend. The lowest CO emission is achieved for B40 

at all the operating conditions. Also, in every condition diesel 

fuel produced maximum emission. As blend percentage of 

biodiesel in diesel increased emission decreased, this may be 

due to the higher concentration of O2 in the air–fuel mixture 

which ensured improved combustion and hence reduction in 

CO emission at idling conditions. Compared to ball nutt 

biodiesel, palm biodiesel showed less decrease in CO 

emission as blend percentages increased. This is may be due 

to the reason that palm biodiesel has higher viscosity than ball 

nutt biodiesel, which degraded the spray characteristics and 

caused improper mixing which led to improper combustion. 

E. Emission of HC 

 
Fig. 12: 

HC emission at different idling conditions for biodiesel. It can 

be seen that, diesel fuel emits highest amount of HC at all 

conditions and B40 blend emits lowest. Again, as there is 

higher oxygen concentration in the biodiesel–diesel blends 

which enhances the oxidation of unburned 

 
Fig. 13: 

Which enhances the oxidation of unburned hydrocarbons, HC 

emission decreases with increase in percentages of 

biodieselblends. Furthermore, increase in speed decreases 

HCemission for all tested fuel. This is due to the reason that 

increasein speed ensures better mixing of air and fuel. 

1) Emission NOX 

NOX emission at different idling conditions for diesel and 

ball nutt biodiesel blends. Diesel fuel exhibited lowest 

emission at all condition. As blend percentages of biodiesel 

increases emission increases. Biodiesel blends produce 

higher emission due to having higher cetane number and 

lower ignition delay. However, it is observed that as engines 

peed increases emission decreases due to the fact that increase 

in speed reduces the ignition delay which results in less 

amount of time to form NOX. 

XII. CONCLUSION 

Single cylinder high speed diesel engine ran successfully 

during tests on dual biodiesels and its blends. The blends of 

diesel and the dual biodiesels of neem oil and mustard oil 

were characterized for their various physical, chemical and 

thermal properties. From the experimental analysis results, 

the thermal efficiency and mechanical efficiency of biodiesel 

blends were slightly higher than the diesel. The specific fuel 

consumption values of dual biodiesel blends were 

comparable to diesel. Blends produced slightly lower CO and 

CO2 than diesel. This is a considerable advantage over diesel 

while using the dual biodiesel blends. The dual biodiesel 

blends gave higher smoke opacity, HC and NOx than diesel. 

But smoke opacity was nearer to diesel. Therefore, it may be 

concluded that dual biodiesel blends of Blend (Neem 20%, 

Mustard 20%, and Diesel 60%) would be used as an 

alternative fuel for diesel in the diesel engines. Various dual 

biodiesel blends with diesel can be focused for further 

recommendations. 
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