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Abstract— Current energy crisis due to rapid depletion of 

the conventional fuel and environment concerns, have made 

the world to think about alternate sources of energy and 

have also prompted an evolution of first, second, and third 

generation biofuels as alternative energy sources. But one 

serious problem with these biofuels is that they generally 

shows an increment in NOx and because of half of the NOx 

is emitted by automobile sources, control of emission of 

oxides of nitrogen becomes major issue of research now-a-

days. In this research article, an experimental investigation 

has been conducted to observe the effect of parametric 

optimization of engine and exhaust gas re-circulation on 

emission of oxides of nitrogen. In diesel engine, controlling 

NOx in engine emission, peak combustion temperature 

plays vital role because NOx formation in diesel engine is 

highly temperature-dependent phenomenon and takes place 

at combustion chamber temperature above 2000K. The 

experiments are conducted with diesel, Jatropha biodiesel 

blend (50JB50D), and pure biodiesel. For present 

investigation, injection pressures considered are 160bar, 

190bar & 220bar. Experiment was conducted twice, once 

without EGR & again with hot EGR to measure effect of 

EGR in NOx reduction at various loading condition of 1, 6, 

& 11KG. Factors affecting the NOx emission are injection 

timing, engine load, injection pressure, compression ratio, 

air-fuel ratio, exhaust gas recirculation, fuel blend. Effect of 

the injection pressure, fuel blend, engine load and exhaust 

gas recirculation technique on emission of NOx has been 

observed in this research. It has observed that highest NOx, 

emitted from engine with diesel was 451 ppm at 220bar IP 

and that for blend and pure biodiesel were 460 & 475 ppm, 

simultaneously. Maximum NOx reduction was 94.34% for 

pure diesel at 1Kg load 160bar injection pressure and 

minimum value for that was 80.89% for pure biodiesel at 

6Kg load 190bar Injection pressure. With pure diesel, NOx 

emission was increased by 349 ppm and that for diesel-

biodiesel blend & pure biodiesel were 350 & 354 ppm. One 

possible explanation behind this increment is, more oxygen 

content of biodiesel which leads to higher combustion 

temperature. 

Key words:  NOx, Injection pressure, Engine load, Exhaust 

gas recirculation, and Biodiesel.           

I. INTRODUCTION 

From various air polluting chemical compounds, nitrogen 

oxides (NOx) are a very important family. NOx represent a 

family of seven compounds which are N2O, NO, N2O2, 

N2O3, NO2, N2O4, and N2O5. Structure of these all gaseous 

nitrogen compounds is shown in figure 1.1. Form these, 

NO2 is the most prevalent form of the NOx in the 

atmosphere which is generated by the human activities. NO2 

is not air-pollutant by itself but it also reacts in the 

atmosphere and is responsible for acid rain.  

Emission of oxides of nitrogen into the atmosphere 

form the combustion engines presents a significant global 

health threat. For respiratory diseases such as asthma, 

emphysema and bronchitis, NOx is major contributing 

factor. One another adverse effect of the NOx emission is 

lung damage which is caused due to ozone formation. 

At current situation, diesel engine exhaust has less 

hydro carbon (HC) and carbon monoxide (CO) than 

gasoline engine exhaust but it contains considerable amount 

of nitrogen oxides (NOx) and particulate matter (PM). 

Reduction in amount of NOx in exhaust is highly desirable 

in order to meet current environmental legislations. 

Legislation requiring the control of NOx emission from the 

motor vehicle engines is now in force in the many countries 

and around the world. Tighter NOx limits for diesel vehicles 

around the world are driving the use of after treatment 

technologies like SCR, catalytic convertors, after burner or 

thermal convertor to reduce NOx emission. 

NOx formation mechanism: In all combustion there 

are three NOx formation mechanisms. 

A. Thermal NOx: 

Nitrogen and oxygen molar concentration and combustion 

temperature play vital role in controlling the concentration 

of thermal NOx. 

B. Fuel NOx: 

Fuels that contains nitrogen create fuel NOx that results 

from the oxidation of already-ionized nitrogen contained in 

the fuel. 

C. Prompt NOx: 

Prompt NOx is formed from molecular nitrogen in the air 

combining with fuel in fuel-rich conditions which exist, to 

some extent, in all combustion. This nitrogen then oxidizes 

along with the fuel and becomes NOx during combustion, 

just like fuel NOx [1]. 

II. EGR – AN EFFECTIVE NOX REDUCTION TECHNIQUE 

To reduce NOX emission from diesel engine, a widely 

adopted route is EGR. NOx emission can be reduced using 

internal engine technology by cooling some of the exhaust 

gas, which is then recirculated back into the change air. The 

substitution of burnt gas (which takes no further part in 

combustion) for oxygen rich air reduces the proportion of 

the cylinder contents available for combustion. This causes a 

correspondingly lower heat release and peak cylinder 

temperature, and reduces the formation of NOx. The 

presence of an inert gas in the cylinder further limits the 

peak temperature. Cooling of recirculated exhaust gas has 

main two advantages. This reduces the temperature of the 

gas, which reduces the cylinder charge temperature when 

EGR is employed. This has two benefits- the reduction of 

charge temperature results in lower peak temperature, and 
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the greater density of cooled EGR gas allows a higher 

proportion of EGR to be used. On a diesel engine the 

recirculated fraction may be as high as 50% under some 

operating conditions [2]. 

 
Fig. 2.1: Concept of Exhaust Gas Recirculation System [3]. 

This process of reducing NOx is known as exhaust 

gas recirculation and is one of the principal methods used to 

reduce nitrogen oxide emissions from diesel engines. 

 Types of EGR: 

1) Based on temperature of recirculated gas: 

(A) Hot EGR (B) Fully cooled EGR (C) Partly cooled EGR 

2) Based on configuration:  

(A) Long route EGR (B) Short route EGR 

3) Based on pressure:  

(A) Low pressure route (B) High pressure route 

Form these, first type is mostly used in the 

automobile engine. Latter two type are mostly used for 

turbine at plants where distance and pressure are considered. 

A. Based on Temperature of Recirculated Gas: 

1) Hot EGR:  

In this type, exhaust gas is recirculated without decreasing 

temperature. 

2) Fully Cooled EGR:  

In this type, before mixing with fresh intake air exhaust gas 

is fully cooled. Moisture presents in exhaust gas is 

converted into water droplet which may cause undesirable 

effect in engine cylinder. 

3) Partly Cooled EGR:  

To solve the problem of water droplet generation, 

temperature of exhaust gas is decreased just above its dew 

point temperature. 

III. EXPERIMENTAL SETUP 

The engine used for this experimental investigation was, 

single cylinder, four stroke, vertical, direct injection, water 

cooled, naturally aspirated diesel engine. Load on the engine 

was applied by connecting it to a Rope brake dynamometer. 

Experiment has conducted on pure diesel and diesel 

biodiesel blends at various loading condition of 1-11Kg. 

Technical Specification of Engine: 

Manufacturer & 

model 
Kirloskar AV1 

Engine type 
Single cylinder, four stroke, water 

cooled, DI diesel engine 

Bore 80mm 

Stroke 110mm 

Compression ratio 16:1 

Injection pressure 220bar 

Rated power / speed 3.7Kw / 1500rpm constant 

Type of starting Manually 

Dynamometer Rope brake 

Governor Mechanical governing (centrifugal) 

Air flow 

measurement 
Air box with U tube manometer 

Fuel flow 

measurement 
Burette with digital stop watch 

Table 1: Technical Specification of Engine 

IV. RESULTS & DISCUSSION 

A. Nitrogen Oxides (NOX): 

The effect of parametric optimization by optimizing the 

injection pressure and running the engine with diesel-

biodiesel blend and with pure biodiesel is shown in the fig. 

4.1. With increase in load and injection pressure, emission 

of NOx exhaust was increased. It is seen from the graph that 

with increase in the injection pressure, there was increment 

in NOx emission for all type of fuel. This effect of injection 

pressure was same for both experiments, with EGR and 

without EGR. It has observed that highest NOx, emitted 

from engine with diesel was 451 ppm at 220bar IP and that 

for blend and pure biodiesel were 460 & 475 ppm, 

simultaneously. 

It has observed from the experiment with diesel, 

blend and pure biodiesel that the reduction in the NOx with 

the Exhaust Gas Recirculation was maximum for the diesel 

fuel followed by diesel-biodiesel blend and pure biodiesel.  

Percentage reduction in NOx for all fuel at 30% EGR was 

shown in the fig 4.2. It has observed that with increase in 

injection pressure reduction in NOx was reduced. Maximum 

NOx reduction was 94.34% for pure diesel at 1Kg load 

160bar injection pressure and minimum value for that was 

80.89% for pure biodiesel at 6Kg load 190bar Injection 

pressure. One possible explanation behind this is, biodiesels 

are the more oxygenated fuels so density of required oxygen 

in intake air is increased for complete combustion of charge 

which leads to increase in the cylinder combustion 

temperature and the more complete combustion and 

combustion temperature are, the more NOx emission is 

there. 
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Fig. 4.1: LOAD Vs. NOX Using Pure Diesel (100D/0BD), 

Blend (50BD/50BD) & Biodiesel (0D/100BD) At Various 

Injection Pressure Of 160bar-220bar With And Without 

30% EGR. 

 

 

 
Fig. 4.2: Nox Reduction (%) For All Fuel at Different Load 

& Injection Pressure. 

B. Hydrocarbon (HC): 

Effect of load and injection pressure on the HC emission is 

shown in the graph Fig. 4.3. With increase in Injection 

pressure and load, decrease in HC emission was observed. 

HC emission was maximum at 1Kg load and 160bar 

Injection pressure for pure diesel and minimum for 11Kg 

load, 220bar IP with pure biodiesel. With increasing 

biodiesel proportion in blend, HC emission was decreased. 

One possible explanation behind this is, increasing injection 

pressure leads to better atomization of fuel which will create 

more complete combustion of charge. Oxygen content of 

biodiesel is also one other reason. When oxygen content of 

fuel blend is increased, availability of oxygen for complete 

combustion is increased. Higher cetane number is 

responsible for HC reduction by reducing ignition delay 

period. 
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Fig. 4.3: LOAD Vs. HC Using Pure Diesel (100D/0BD), 

Blend (50BD/50BD) & Biodiesel (0D/100BD) At Various 

Injection Pressure Of 160bar-220bar With And Without 

30% EGR. 

V. CONCLUSION 

Recirculating the Exhaust Gas to engine cylinder is one of 

the most effective NOx reduction technique. Up to 85-90% 

NOx can be reduced with increasing recirculation rate of 

exhaust gas. 

But on the other hand there is also one serious 

disadvantage of increasing HC and PM with using EGR 

technique. So EGR technique, alone, cannot satisfy current 

strict emission norms. 

So EGR technique with PM traps like catalytic convertor is 

one of the most effective technique to achieve current NOx 

emission norms. 
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