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ABSTRACT 
The diminishing accessibility of fossil energizes pushes the countries to use alternate fuels. The alternate 

energy sources which are available for Automotive are Bio Diesel, Solar energy, electric energy and Hydrogen 

energy. Among the different vitality sources Bio-Diesel is perceived as the most practical and moderate wellspring 

of vitality for future. When Bio-Diesel is considered the presence of fuel, CO, HC emissions, engine adaptability to 

fuel, lubricity property and performance of Engine all sounds well but when emissions are analyzed, there is a 

sharp improvement in the NOx emission while using Bio-Diesel. The most accepted reason for improvement in 

NOx formation is due to the higher oxygen content of the Bio-Diesel. This expansion in NOx discharges 

additionally goes about as a noteworthy block in commercializing the utilization of Bio-Diesel, furthermore NOx 

causes unfriendly impact on people and Ozone. This exploration paper is meant to make a path for business 

utilization of bio diesel on light obligation diesel vehicles by decreasing the NOx emanation with least give up on 

execution. 

NOx emanations in a Bio diesel fuelled motor can be diminished by enhancing Nitrogen in the motor 

admission air, since Nitrogen gas decreases the O2 accessible for ignition, lessening the fire temperature. This 

exploration paper manages deciding the NOx emanation in a motor by utilizing ordinary Diesel as fuel, deciding 

the NOx outflow in a motor by utilizing JOME (Jatropha Oil Methyl Ester) [B 100] as fuel, deciding the NOx 

discharge with Nitrogen enhancement utilizing B 100 as fuel. These exploratory results can be utilized to build up 

that NOx can be diminished in Bio diesel fueled IC motor by improving air with Nitrogen. 

KEYWORDS: Biodiesel, Jatropha Oil, Methyl Ester, Nitrogen Oxides, Internal combustion Engines. 

1. INTRODUCTION 

From little organizations to expansive economies, the long haul accessibility of vitality worldwide is vital 

to growth and development. Energy provides industry with a means to manufacture goods, generates electricity and 

heat that we require on a daily basis, allows for the rapid transport of people and products, and enables food 

production and access to portable water. The accessibility of vitality in our current worldwide structure depends 

broadly on the accessibility of fossil powers primarily on oil, Natural gas and Coal. Which together constitute 80 

percent of worldwide vitality utilization. 70% of the Indian unrefined petroleum necessity is foreign (Malhotra, 

2003). To be a practical substitute for a fossil fuel, an option fuel ought to not just have better ecological 

advantages over the fossil fuel it uproots additionally be monetarily focused. It ought to require least adjustments 

of the frameworks it is being utilized as a part of, be producible in adequate amounts to have a significant effect on 

vitality requests and it ought to likewise give a net vitality increase over the vitality sources used to create it. Bio-

diesel alludes to a vegetable oil or creature fat based diesel fuel comprising of long-chain alkyl (methyl, propyl or 

ethyl) esters. Bio-diesel is ordinarily made by synthetically responding lipids (e.g., vegetable oil, creature (fat)) 

with a liquor. Bio-diesel is intended to be utilized as a part of standard diesel motors and is in this manner 

particular from the vegetable and waste oils used to fuel changed over diesel motors. Bio-diesel can be utilized 

alone, or mixed with petro diesel. In this task we have utilized JOME [B100] as fuel. 

Despite the fact that bio diesel can possibly supplant customary diesel, its tail funnel emanation goes about 

as an obstacle to its business utilization. The NOx outflow increments by 10-15% if B100 is utilized and NOx 

emanation increments by 2-4% if B20 fuel is utilized. The NOx impact additionally relies on upon the kind of the 

biodiesels feedstock, the most noteworthy NOx emanations were accounted for with the most profoundly 

unsaturated powers like soybean, rapeseed, and cleanser stock-based. Warm productivity diminishes when the fuel 

is thicker (Chen, 1993). The NOx discharge increment additionally relies on upon the motor innovation. Bio-diesel 

is quite compelling to the car business and different ranges in vitality and environment since it essentially lessens 

particulate matter (PM), hydrocarbon (HC) and carbon monoxide (CO) outflows (Tiegang Fang, 2008). Biodiesel 

diminishes the carbon particulate emanations and expands the SOF. Therefore, the noticeable smoke and mistiness 

are diminished. The impact of biodiesel on aggregate particulate matter (TPM) relies on upon the arrangement of 

diesel particulates, thus it is particular to the motor and the test cycle. The movements of PM discharge towards 

higher SOF content, and the nonattendance of sulfur, make biodiesel perfect with diesel oxidation impetuses, 

which can boost the PM advantage by controlling SOF.  

We opted to stabilize the composition of the inlet air. After a profound examination of literary works and 

diaries, we found that controlling the synthesis of bay air can lessen the NOx outflow. In our undertaking we have 

advanced the channel air with Nitrogen at various extents and the discharge levels were broke down with Bio 

Diesel as fuel. 
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2. EXPERIMENTAL SETUP 

In this examination we have picked Jatropha Oil Methyl Ester as the fuel since it can possibly supplant 

diesel, being non palatable, effortlessly cultivatable in bone-dry spots where farming is impractical. By directing 

specimen tests we found that the emanation is higher for B100 so we utilized B100 fuel. We arranged the Jatropha 

oil by the accompanying system, Madhuca Latifolia oil is taken in a stainless steel reactor and it is warmed with 

electrical radiator at 75°c and mixed with mechanical sort stirrer. The required measure of sulphuric corrosive and 

methanol is added to the crude oil. It is warmed and blended around 60 minutes, the substance is permitted to settle 

and cooled. The impetus is broken down in methanol in a funnel shaped cup and it is moved into steel flagon 

containing oil. The substance were blended altogether by vivacious shaking. It is mixed and warmed for one hour 

and the substance were permitted to settle. 

The substance were isolated into two layers. The less thickness layer of methyl esters glided in the upper 

part of isolating channel. The shading contrast between the two layers empowered their simple partition. The hints 

of cleanser and glycerin present in the methyl ester layer must be expelled. Washing the esters with refined water 

thrice. Washing was finished by including roughly 15% by volume of refined water to methyl esters and it is 

permitted to settle. Since the methyl esters are less thickness then water, they glide on the top and were evacuated 

by isolating pipe. The reasonable methyl esters are gotten. The methyl esters are heated to 110 to 120°c to remove 

the water content and it is cooled. The pure biodiesel is collected in the container. This procedure is repeated for 

different catalyst for the production of biodiesel. The oil is checked for its various thermo physical and transport 

properties and the results are tabulated. 

For experimental purpose we have designed the schematic as shown in the figure and we supplied nitrogen 

from cylinder, nitrogen in the cylinder will be at 150 bar pressure and in order to mix effectively with atmospheric 

air the pressure was reduced to 1 bar pressure using 2 stage pressure regulator and in order to control the flow rate 

of nitrogen from cylinder a flow controller is used in series. To measure the flow rate Rota meter is used. 

Then nitrogen is made to mix with atmospheric air in the mixing chamber, to ensure uniform mixing the 

two gases were made to meet at perpendicular to the chamber output. In order to prevent nitrogen from escaping 

from the mixing chamber to the atmosphere via the air line a check valve is used and an anti-pulsating tank is used 

for the flow of air from atmosphere. In order to measure the volume of oxygen passing to the engine, an oxygen 

sensor is used. This nitrogen enhanced air is let straightforwardly in the bay complex. 

With a specific end goal to gauge the emanation from the motor fumes gas analyzer is utilized, part of the 

fumes gas is taken from the tail funnel and it is directed to the gas analyzer. The diverse gas which are being 

measured are NOx, CO, CO2, O2 and HC. The gas analyzer contains three channels to be specific line channel, 

bottom filter and round filter. The gas analyser measures CO2, CO, and HC by non-diffractive infrared radiation 

(NDIR) and oxygen by electrochemical method. Using the pressure regulator the pressure is set to 1 bar and 

according to different test condition the flow rate of nitrogen is controlled by the flow controller. 

 
Figure.1. schematic diagram of Nitrogen Enrichment setup 

Table.1. Engine Specification 

Engine 

Manufacturer Kirloskar Oil Engine Limited, India. 

Engine Type Vertical, single cylinder, 4 stroke, direct injection, 

water cooled, Compression ignition Engine. 

Rated power 5.2 KW at 1500 rpm 

Injection pressure 25 bar 

Loading type Eddy current dynamometer 

Compression Ratio 17.5 : 1 

Bore/stroke 110/87.5(mm) 
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Experimental Test Matrix: The engine was made to run for 49 hours in seven non-stop cycles of seven hours 

each at the rated speed for preliminary run. Trials were directed to check for the precision of the rate by volume of 

Nitrogen and Oxygen going into the bay complex. The examination is performed in two phases at first the 

execution and emanation test was performed with Diesel and Bio diesel as fuel with no improvement of Nitrogen 

[naturally aspirated] and at the second stage, execution and outflow tests were led for Diesel and B100 

independently with 0.5%, 1% and 1.5 % volume of Nitrogen advancement in the bay complex. 

Table.2. Fuel Properties 

Property  Diesel Biodiesel 

Density (kg/m3) 840±1.732 925.8 

Kinematic Viscosity at 400C (cSt) 2.44±0.27 7.82 

Cloud Point (0C) 3±1 6 

Pour Point (0C) -6±1 4 

Flash Point (0C) 71±3 180 

Ash Content (%,w/w) 0.01±0.0 0.036 

Calorific value (MJ/kg) 45.343 39.720 

Carbon (%, w/w) 80.33 79.56 

Hydrogen (%, w/w) 12.36 13.19 

Nitrogen (%,w/w) 1.76 0.34 

Sulfur (%,w/w) 0.25 0 

Cetane Number 51 55.12 

 

3. RESULTS AND DISCUSSION 

Jatropha oil methyl ester biodiesel was successfully used as the fuel for CI engine with various 

compositions of intake air (Nitrogen and Oxygen). The performance, SFC, heat release, peak pressure and 

emissions of the engine with diesel and biodiesel are presented and discussed below. 

  
Fig.2. Comparison of smoke opacity for different 

percentages of Nitrogen enrichment with Bio diesel 

as fuel 

Fig.3. Comparison of smoke opacity for different 

percentages of Nitrogen enrichment with Diesel as 

fuel 

  
Fig.4. Comparison of CO emission for different 

percentages of Nitrogen enrichment with Bio Diesel 

as fuel 

Fig.5. Comparison of CO emission for different 

percentages of Nitrogen enrichment with Diesel as 

fuel 

This is believed to result from the oxygenated fuel structure of Bio Diesel and low concentration of 

aromatics in biodiesel. It is also important to note that smoke concentrations only reveal information about visible 

smoke in the exhaust this data should not be extrapolated to make any conclusions about changes in particulate 

matter emissions (which are the regulated emissions of concern). When Nitrogen is enriched, the Percentage of 

oxygen available for combustion reduces giving raise to opacity in Smoke. 
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Fig.6. Comparison of Hydro Carbon Emission for 

different percentages of Nitrogen enrichment with 

Bio Diesel as fuel 

Fig.7. Comparison of Hydrocarbon emission for 

different percentages of Nitrogen enrichment with 

Diesel as fuel 

The increase in the CO emission is observed when the amount of exhaust gas recirculated is increased. 

Reduction of O2 concentration in the fuel/air mixture may suppress NOx formation but increases the CO emission. 

When the percentage of nitrogen is raised at the intake manifold, formation of much stable compound CO2 is 

reduced because of the decrease in the availability of the inlet oxygen, hence forming unstable compound of CO 

(Daisuke Kawano, 2007). This accounts for the increase in the CO percentage as the N2 enrichment percentage is 

increased. 

 The smoke opacity in the exhaust when Biodiesel is used was less than that of Diesel, this is due to the 

presence of Oxygen in the Bio diesel which aids in more efficient combustion. The reduction in smoke when using 

Bio Diesel. 

  
Fig.8. Comparison of CO2 emissions for different 

percentages of Nitrogen enrichment with Bio Diesel 

as fuel 

Fig.9. Comparison of CO2 Emissions for different 

percentages of Nitrogen enrichment with Diesel as 

fuel 

Nitrogen Oxides: For different percentages of Nitrogen enrichment, the HC emission was checked and the results 

were plotted. A profound increase in the percentage of HC emissions were witnessed with increasing EGR 

percentages. This is due to the incomplete combustion of the fuel due to deficiency of O2 during combustion. Since 

the methyl ester is rich in oxygen content, the HC emission is less for bio diesel when compared with Diesel. 

Researchers have found that, Higher oxygen content (leading to more complete combustion), and higher cetane 

number (reducing combustion delay). Advanced injection and combustion timing also found significant HC 

reduction when biodiesel was used in the diesel engine (2011).  

  
Fig.10. Comparison of NOx Emission for different 

percentages of Nitrogen enrichment with Bio Diesel 

as fuel 

Fig.11. Comparison of NOx Emission for different 

percentages of Nitrogen enrichment with Diesel as 

fuel 

When the engine was tested with JOME Fuel, the NOx Emission increases due to the presence of oxygen 

in the methyl ester, as a result complete combustion of the fuel was witnessed thereby increasing the working 

temperature of the engine. The raise of temperature facilitates more atmospheric Nitrogen to combine with the 

Oxygen forming NOx. Increase in tailpipe NOx emissions was a result of increased oxygen content in the fuel and 

was witnessed at both low and high engine load. The effect of oxygen 
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Fig.12. Comparison of SFC for different percentages 

of Nitrogen enrichment with Bio Diesel as fuel 

Fig.13. Comparison of SFC for different percentages 

of Nitrogen enrichment with Diesel as fuel 

For all fuels the SFC decreases with increase in engine load. Biodiesel showed higher SFC compared to 

diesel owing to lower calorific value of biodiesel compared to diesel. Hence more amount of fuel is required to 

provide the same amount of power (Daisuke Kawano, 2007). There is minimal effect of nitrogen enrichment over 

SFC. 

Brake Thermal Efficiency: Percentage on NOx emissions is more pronounced at 80% load, where the increase is 

almost 8% for a change of oxygen fraction from 0 to 9% (Rakopoulos, 2004). In this research the intake air is 

slightly enriched with Nitrogen gas their by reducing the oxygen composition in the intake air to the engine for 

combustion, this results in reduced combustion efficiency and the temperature of the gas reduces, this reduces the 

NOx formation. If the inlet air is enriched with 0.5%, 1% and 1.5% of N2, a decrease in the NOx emission were 

clearly noticed. Nitrogen decreases the percentage of oxygen available for combustion. On the other hand an 

increase in CO emissions was noticed, this is due to the scarcity of oxygen which leads to formation CO rather 

than. 

  
Fig.14. Comparison of Brake thermal efficiency for 

different percentages of Nitrogen enrichment with 

Biodiesel as fuel 

Fig.15. Comparison of Brake thermal efficiency for 

different percentages of Nitrogen enrichment with 

Diesel as fuel 

The brake warm productivity is reliant on the calorific estimation of the fuel, Since Diesel has high 

calorific quality than 

Bio diesel mixes, it has higher effectiveness, however JOME fuel proficiency likewise nearly tails it 

because of the burning changes gave by the oxygen which is available innately in the Methyl ester, subsequently 

helping in ignition. 

The brake warm effectiveness of B20 mixes is around 10-12% lesser than that of Diesel as a result of 

lower calorific estimation of the methyl ester and henceforth relatively high BSFC (Pradeep, 2008). The Nitrogen 

enrichment process also produces the same effect of reduced BTE with increasing N2 percentages. 

 

Exhaust Gas Temperature: 

Table.3. NOx Emission Reduction for Biodiesel with variation of Nitrogen Percentage 

Percentage increase Percentage reduction 

in Nitrogen by in NOx emission for 

volume Bio Diesel 

0.5 12.58 

1 40.86 

1.5 49.63 

 



Journal of Chemical and Pharmaceutical SciencesISSN: 0974-2115 

JCHPS Special Issue 5: October 2016 www.jchps.com Page 215 

  
Figure.16. Comparison of Exhaust Gas 

temperature for different percentages of Nitrogen 

enrichment with Bio Diesel as fuel. 

Figure.17. Comparison of Exhaust gas 

temperature for different percentages of Nitrogen 

enrichment with Diesel as fuel. 

The exhaust gas temperature increases with increase in load this is due to higher fuel consumption at 

higher loads and the combustion of the same (Deepak Khurana, 2011). When Diesel is used as a fuel, with increase 

in Nitrogen percentage, reduces the O2 for combustion, there by reduces the EGT, but Biodiesel inherently contains 

O2 which aids in combustion. 

4. CONCLUSION 

In this project we found that by Enriching Nitrogen in the intake air, NOx emission is reduced to a greater 

extent with minimal sacrifice on performance. The results are tabulated below. 
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