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Abstract— NOx formation in the diesel engine is highly 

temperature dependent phenomenon and takes place when 

combustion chamber temperature crosses 2000k. So to 

reduce NOx emission it is necessary to keep combustion 

temperature under control. Late injection of the fuel is one 

of the simplest way to keep NOx formation in control. 

Though this technique is very effective in NOx formation 

control, it is not fully acceptable due to increase in fuel 

consumption up to 10-15%. This leads the research to use 

more effective NOx reduction technique like Exhaust Gas 

Recirculation (EGR). Recirculating the Exhaust gas reduces 

the NOx emission but on the other hand there is increment 

in Particulate Matter. With increase in EGR rate there is 

decrement in NOx emission. But due to well-known tradeoff 

between NOx and PM it is necessary to use PM Trape like 

catalytic convertor. In present study, the effect of diesel 

engine parametric optimization, for NOx reduction, on 

engine performance has been investigated. Also effect of 

Biodiesel and its blend on NOx emission has been 

investigated. An experimental investigation was also 

conducted to investigate effect of EGR on NOx emission. 

The experimental setup for this research work was 

developed on, single cylinder, four stroke, vertical, direct 

injection, water cooled, naturally aspirated diesel engine. 

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

gas recirculation, and Biodiesel      

I. INTRODUCTION 

Petroleum-based fuels play a very significant role in the 

fields of industrial growth, transportation, agriculture, etc., 

due to their availability, combustion properties and high 

heating value. However, the reserves of these fuels are 

rapidly depleting due to increased fuel consumption. Not 

rapid depletion of petroleum fuel is the only problem today 

but degradation in the environmental condition is also very 

serious problem. And this is becoming worse due to rapid 

growth of automobile industry.   

Biodiesel is very convenient substitute of 

conventional petroleum fuel due to similarity in properties. 

But one serious problem with biodiesel is that they are more 

oxygenated fuel so almost all biodiesel gives more NOx 

emission. Emission of oxides of nitrogen (NOx) into the 

atmosphere from combustion engines presents a significant 

global health threat. Legislation requiring the control of NOx 

emissions from motor vehicle engines is now in force in 

many countries around the world. Technology to convert 

NOx to less harmful gases has made significant progress 

over the last few decades, and recent developments mean 

that NOx emissions from both gasoline and diesel engines 

can now be reduced to extremely low levels. 

Technologies applied for emission control form 

engine may have considerable effect on the engine 

performance. In this research investigation has been done on 

engine performance during controlling NOx emission from 

diesel engine. 

II. NOX FORMATION MECHANISM 

Nitrogen oxide is the generalized term for NO and NO2 

given with the formulae of NOx. Understanding the kinetics 

behind the NOx forming reaction is important for taking 

attempt to reduce the NOx emissions. The thermal 

(Zeldovich), prompt (Fenimore), N2O pathway, fuel-bound 

nitrogen and the NNH mechanism are the most common 

mechanisms for NO formation in diesel combustion. 

A. Zeldovich Or Thermal Nox Mechanism: 

NOx formation occurs at temperature above 1700K by this 

mechanism. At this temperature nitrogen (N2) and oxygen 

(O2) react through a series of chemical steps known as 

Zeldovich mechanism. The rate of formation increases 

rapidly with temperature. This mechanism of thermal NOx 

formation is believed to be the predominant contributor of 

total NOx. The basic kinetic equations for thermal NOx 

formation are described by the following chemical reactions 

(1)–(3). The first step is rate limiting, and due to its high 

activation energy (314kJ/mole), requires high temperatures 

to proceed. Reaction (3) is only significant under reducing 

conditions. Residence time and the concentration of nitrogen 

and oxygen also have an influence on the production of 

thermal NO [1]. 

O + N2 ↔ NO + N                                                        (1)                                                                  

N + O2 ↔ NO + O                                                        (2)                                                          

N + OH ↔ NO + H                                                       (3)    

B. Fenimore or Prompt NOx Mechanism: 

The presence of a second mechanism leading to NOx 

formation was first identified by Fenimore and was termed 

“prompt NOx”. There is a good evidence that prompt NOx 

can be formed in a significant quantity in some combustion 

environments; such as in low-temperature, fuel rich 

conditions and where residence time is short [2, 3]. Prompt 

NOx is most prevalent in rich flames. The actual formation 

involves comply series of reactions and many possible 

intermediate species. Prompt NOx is produced when 

hydrocarbon fragments react with nitrogen in the 

combustion chamber to form fixed nitrogen species such as 

HCN [4]. After that these nitrogen-containing fragments 

react with atmospheric nitrogen. Prompt NOx is more 

sensitive than thermal NOx in fuel chemistry because of the 

dependence on hydrocarbon fragments. The prompt NOx is 

generally formed through the following reactions (4) to (8) 

CH + N2 ↔ HCN + N                                                     (4)                                                                                                                                                

CH2 + N2 ↔ HCN + NH                                                (5)                                                                

N + O2 ↔ NO + O                                                          (6)                                                                                               

HCN + OH ↔ CN + H2O                                               (7)                                                              

CN + O2 ↔ NO + CO                                                      (8)  
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The formation of prompt NOx is proportional to the 

number of carbon atoms in each unit volume. Prompt NOx is 

independent of the parent hydrocarbon. The amount of HCN 

increases with increasing the concentration of hydrocarbon 

radicals which enhances with increasing equivalence ratio. 

Prompt NOx formation increases with an increasing 

equivalence ratio and then reaches a peak and decreases 

because of a shortage of oxygen [5]. 

C. Fuel NOx Mechanism: 

Fuel NOx is formed when nitrogen that is chemically bound 

in the fuel combines with excess oxygen during the 

combustion process. The type of NOx is negligible for both 

diesel and biodiesel because of low nitrogen levels. 

D. N2O Pathway Mechanism: 

The NOx formation due to the N2O path way is another 

essential mechanism in a combustion process under high 

pressure and lean air-fuel ratio compared with Fenimore 

NO, and a minor contribution to the formation of NOx 

related to the thermal NO mechanism [6]. In this 

mechanism, the reaction occurs between N2 and atomic 

oxygen to form N2O by a three-body reaction. 

O + N2 + M ↔ N2O+ M                                                (9)                                                                                                             

Here, the molecule M is required to execute this 

reaction. The N2O formed in reaction (9) can then react to 

form NO. 

E. The NNH Mechanism: 

Under the condition of high concentration of atoms in fronts 

of flame in combustion process the reaction (Eq. (10)) 

contributes significantly to produce NO. The mechanism 

requires the participation of H atoms to form NNH 

(diazanul) from N2, as well as O atoms to react with NNH 

[7]. 

O + NNH ↔ NO + NH                                                  (10) 

III. EGR 

Exhaust Gas Recirculation is an engine management 

strategy to control NOx which works by re-circulating a 

portion of an engine’s exhaust gas back to the engine 

cylinders. This acts to reduce the amount of excess oxygen 

in the gas stream and lower the temperature achieved during 

combustion. The technique is used on both gasoline and 

diesel engines but has the major disadvantage that it 

increases emissions of particulate matter (PM). EGR is not 

sufficient by itself to meet current NOx and PM limits in 

Europe, Japan and North America, and therefore some 

additional aftertreatment is typically required.  

 
Fig. 1: Concept of EGR Technique [9]. 

 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 

4) Based on temperature of recirculated gas:  

A. Hot EGR:  

In this type, exhaust gas is recirculated without decreasing 

temperature. 

B. 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. 

C. Partly cooled EGR:  

To solve the problem of water droplet generation, 

temperature of exhaust gas is decreased just above its dew 

point temperature. 

IV. 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. 

 
Fig. 2: Injection Pressure Adjuster 

Fuel is supplied to the fuel injector from fuel tank 

through three way kock. Fuel injector atomize the fuel in 

fine particles. High injection pressure gives better fuel 

atomization. Injection pressure can be varied by means of 

screw as shown in fig. 2. Clockwise rotation gives increase 

in injection and anti-clock wise rotation gives decrement. 

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 
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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 

V. RESULTS & DISCUSSION 

The effect of NOx reduction on engine performance 

parameter like brake thermal efficiency, specific fuel 

consumption with other exhaust parameters like HC and 

CO, has been investigated. The role of fuel injection 

pressure is very important to reduce pollution from engine 

and for better performance of engine. 

The performance of an engine is an indication of 

degree of success for which it is designed. The degree of 

success is compared on the basis of (1) Brake thermal 

efficiency (2) specific fuel consumption (3) Brake power 

developed (4) specific power output and (5) pollution from 

the engine. The application of engine decides the relative 

importance of these parameters like, for marine engine, 

specific power output is more important parameter, on the 

other hand specific fuel consumption is more important for 

automobile engines. 

A. Brake Thermal Efficiency (B.T.E): 

The performance of the engine is measured by the term 

brake thermal efficiency. Brake thermal efficiency indicates 

the percentage of the energy present in the fuel which is 

converted into useful work. The effect of the load and fuel 

injection pressure on the brake thermal efficiency is 

explained in the below graphs. It has investigated that, at 

Engine load of 1kg, the brake thermal efficiency (B.T.E) for 

all type of fuel, diesel (100D/0BD), blend of Jatropha 

biodiesel (50D/50BD) and for pure Jatropha biodiesel 

(0D/100BD), remains approximately same for all injection 

pressure and also for 30% EGR. It has observed that with 

increase in load, B.T.E was increased because the more load 

on the engine, the more power is needed, which leads the 

combustion more complete and complete combustion leads 

to increase in brake thermal efficiency. It has observed that 

B.T.E is more with 30% EGR for all fuel. Maximum 

efficiency was observed at 190bar injection pressure & 30% 

EGR rate for diesel and that for 50D/50BD and 0D/100BD 

was observed at 160bar IP and 220bar IP with 30% EGR, 

simultaneously. It has investigated that maximum B.T.E of 

39.42% has been achieved with diesel fuel followed by 

blend and 100BD with 35.67% & 33.57%, simultaneously. 

 
Fig. (A) 

 

 
Fig. (B) 

 
(C) 

Fig. 3: (A),(B),(C) LOAD Vs B.T.E Using Pure Diesel 

(100D/0BD), Blend (50BD/50BD) & Biodiesel (0D/100BD) 

At Various Injection Pressure Of 160bar-220bar With And 

Without 30% EGR. 

B. Specific Fuel Consumption (S.F.C): 

Specific fuel consumption is the amount of the fuel required 

to be supplied to an engine to develop 1KW power per hour. 

Specific fuel consumption is one of the most important 

parameter for engine performance measurement. It is 

responsible for the economical running of the engine. Lower 

specific fuel consumption indicates the better utilization of 

fuel and lower running cost of the engine. Load and 

injection pressure has significant effect on S.F.C. The effect 

of load, injection pressure, and EGR has been investigated 

and explained in the graph below.         

It has investigated that with increase in the engine 

load, specific fuel consumption (S.F.F) was decreased for all 

fuel. Minimum specific fuel consumption was 0.2432 

Kg/Kwh, observed at condition 11kg load, 160bar IP with 

30% EGR for 50D/50BD and maximum was 1.78 Kg/Kwh, 

at 1kg load, 220bar IP with 100D/0BD. The results of effect 

of load on the specific fuel consumption, have shown that 

with increasing load, specific fuel consumption decreased 

because specific fuel consumption is fuel consumption per 

unit brake power and increasing engine load leads to 

increment in power. Reduction in S.F.C, for increasing the 

load from 1Kg to 11Kg, has been observed for every 
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injection pressure & fuel. Reduction in S.F.C was maximum 

at 220bar IP for all fuel without EGR and with 30% EGR. 

Fuel effect on S.F.C was observed that with biodiesel 

(0D/100BD) there was increment in S.F.C than pure diesel 

(100D/0BD). This was due to higher density and lower 

heating value, since biodiesel have heating values that are 

about 12.2% less than conventional diesel fuel. Effect of 

injection pressure on S.F.C has investigated at 160-190bar 

with and without EGR for diesel, blend and biodiesel. It has 

observed that with increase in injection pressure, specific 

fuel consumption increased. Specific fuel consumption was 

more without EGR than with EGR because EGR leads to 

incomplete combustion to reduce NOx emission by 

recirculating some percent of exhaust gas back to engine 

cylinder. 

 
Fig. (A) 

 
(B) 

 
(C) 

Fig. 4: (A),(B),(C) LOAD Vs S.F.C Using Pure Diesel 

(100D/0BD), Blend (50BD/50BD) & Biodiesel (0D/100BD) 

At Various Injection Pressure Of 160bar-220bar With And 

Without 30% EGR. 

VI. CONCLUSION 

It has observed that at low load, brake thermal efficiency is 

almost same for all fuel at all injection pressure. Brake 

thermal efficiency is maximum with Exhaust gas 

recirculation system for diesel, diesel-biodiesel blend and 

pure biodiesel. Maximum brake thermal efficiency was 

observed for diesel fuel (100D/0BD) followed by diesel-

biodiesel blend (50D/50BD) and biodiesel (0D/100BD). It is 

concluded that with increase in the blend proportion Brake 

Thermal Efficiency decreases. 

Specific fuel consumption has observed lower at 

higher load. 160bar injection pressure with 30% EGR is 

optimum condition due to specific fuel consumption is 

lowest for all load. It is concluded that NOx reduction gives 

S.F.C increment for all fuel with 30% EGR. 
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