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Abstract— Inward burning motors, being the real power 

source in the transportation part and also in individual 

transport, assume an imperative part in the man-made 

outflows. While the portability on the planet is developing, it 

is imperative to lessen the emanations that outcome from 

transportation.  So the utilization of diesel and petroleum has 

been up surged. The diesel motor gives a high proficiency 

and subsequently it can lessen CO2 discharges, which are 

accepted to be the primary driver of a worldwide temperature 

alteration. Diesel fumes likewise contain dangerous gasses, 

for the most part nitrogen oxides (NOX) and residue 

particles. These emanations are hence constrained by the 

dominant presences in many nations. An approach to 

decrease the nitrogen oxide outflows of a diesel motor is the 

utilization of fumes gas distribution with water infusion. 

Here, a part of the fumes gasses is rerouted into the burning 

chamber. This prompts a lower top burning temperature 

which thus diminishes the development of NOX. Different 

concerns can be the transient reaction of both the EGR-

framework and the motor. The goal is to examine the impact 

of EGR with water infusion on the execution and discharge 

qualities of the CI motor. For this analysis a solitary barrel, 

water cooled, variable speed direct infusion diesel motor was 

utilized Application of EGR with water brought about the 

expansion in the execution of the motor and diminishments 

in NOx emanations with no huge upsurge in smoke 

emissions. The substance of HC, NOx, CO and smoke in the 

fumes gas were measured to assess the emissions. The 

diagrams were plotted contrasting the discharges from diesel 

and 0%, 5%, 10%, 15% EGR with water infusion. 
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I. INTRODUCTION 

In this day and age the Energy Consumption Has Been 

Increased Due To Rapid Growth in Industrialization and 

individual portability. Such causes a development in 

transportation part owing expanded fuel utilization and 

natural issues. The designers are building up the force units 

for the satisfaction of the mechanical development and to 

give transportations. In the improvement of the force units 

the diesel motors are the generally utilized and entrenched 

machines. Presently a day the utilization of diesel motor is 

restricted to the cars as well as it is stretched out to the field 

of horticulture, marine, power plants and so on various 

diesel power plants are generally adjusted to supplement 

hydroelectric or warm stations and as focal stations for little 

limit in the scope of 2 to 50 MW limit. 

The diesel motors are more good contrast with 

others as a result of their characteristically high warm 

efficiencies, coming about because of their high pressure 

proportion and fuel incline operations. The high temperature 

is delivered because of the higher pressure proportion 

required for the accomplishment of auto-ignition point for 

the burning of diesel. Higher pressure proportion prompts 

higher extension proportion which tends to release less 

warm vitality in the fumes framework. The most 

troublesome issues that a specialist and producers faces 

amid diesel motor advancement are the control and 

lessening in poison emanations 

The Intergovernmental Panel on Climate Change 

(IPCC) has figure that worldwide temperatures will ascend 

somewhere around 1° and 2° by 2020 and somewhere 

around 2° and 5° by 2070.Climate change is conceivably a 

standout amongst the most genuine natural dangers 

confronting the world today. Consciousness of the 

worldwide size of discharges of nursery gasses (carbon 

dioxide CO2, methane CH4, chlorofluorocarbons CFC and 

nitrous oxide N2O) has expanded over late years. 
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II. METHODOLOGY 

For the purpose of research in combustion engines generally 

two types of engine rigs like; single cylinder and multi-

cylinder engines are used. Both have their advantages and 

disadvantages. Out of these two, single cylinder engine is 

used in this experiment. Single cylinder engines have 

advantage in accurately measuring and controlling with high 

precision. This advantage makes single cylinder engine 

more suitable for research studies. 

Diesel engines are typically characterized by low 

fuel consumption and very low CO emissions. On the other 

hand, diesel engines are also known for their high NOX 

emissions. 

Parameter Details 

Engine 
Single Cylinder High 

Speed Diesel Engine 

Cooling Water cooled 

Bore × Stroke 80 mm × 110 mm 

Compression ration 16 : 1 

Maximum Power 5 hp or 3.7 kw 

Rated speed 1500 rpm 

Capacity 553 CC 

Table 1: Engine Specification 

Recent technologies have greatly reduced NOX 

emission from diesel engines. EGR system is one of the 

technology which is used to reduce the NOX emission from 

Diesel engine. 
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Fig. 1: Experimental Setup of Diesel Engine 

A single-cylinder, 4-Stroke, water-cooled diesel 

engine of 5 hp rated power is considered for the 

experimentation. A rope brake dynamometer is coupled with 

the engine through a load cell. It is integrated with a data 

acquisition system to store the data for the off-line analysis. 

A pipe arrangement was established for recirculation of 

exhaust gas from engine. Three manually operated valves 

are provided in the exhaust gas circuit to get the desired 

mass flow rate of Exhaust gas m (EGR). A water is injected via 

inlet air pipe of the engine used to control the temperature of 

the exhaust gas. The schematic layout of the experimental 

set up is shown in below Fig.1 

III. RESULTS AND DISCUSSION 

Above all the results shows the effect of exhaust gas on the 

emission and performance of diesel engine. Basically EGR 

system is used to minimize the emission especially NOX by 

reducing the combustion zone temperature. Such an effect 

can be seen from these experiments on the NOX. As the 

percentage of the exhaust gas in fresh charge is increased 

the NOX formation is decreased. As load on the engine is 

increases the combustion rate also increases, which increase 

the combustion zone temperature and formation of the NOX. 

The result tables also show that the EGR affects bsfc, NOX, 

HC, and brake thermal efficiency. The results obtained from 

the experiments are shown below. 

 
Fig. 2: EGR % V/S NOX 

The above figure shows the effect of EGR on 

Reduction of NOX with increased percentage of EGR. Such 

phenomenon can be explained by explaining the effect of 

EGR. The decrease in NOX emissions with the increase rate 

of EGR is basically the result of three major effects on the 

combustion process like, thermal effect, dilution effect, and 

chemical effect. The specific heat of exhaust gas is high due 

to CO2 and H2O, compare to normal air which have a major 

content of O2 and N2.it increases heat capacity of the inlet 

charge, which results in a lower flame temperature during 

combustion process. While in dilution effect the 

concentration of O2 inside the cylinder is decreased, which 

decelerate the mixing process between O2 and fuel. Another 

effect of dilution effect is reduction in O2, its partial pressure 

and its effect on kinematics of the elementary NO 

formation. 

 
Fig. 3: Load V/S Bsfc at different EGR rates 

In chemical process, the recirculated H2O and CO2 

dissociate during this endothermic process and modify the 

combustion process and NOX formation. Such endothermic 

process also decreases the flame temperature. 
EGR has a positive effect on the emission of NOX. 

It also has a negative effect on the brake thermal efficiency 

and HC emission. Below Figure Illustrates the Negative 

Effect on brake thermal efficiency. This graph in Fig  shows 

the increased Bsfc as the rate of EGR is increased while Fig 

4 shows the decrement in thermal efficiency. 

 
Fig. 4: EGR rates V/S brake thermal efficiency 

 
Fig. 5: EGR rates V/S HC, ppm 
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 Above Fig 5 illustrates the negative effect of EGR 

on HC emission as the HC emission from the engine is 

increased due to EGR. As the rate of EGR is increased the 

temperature of combustion is decreased. As effect of this the 

wall temperature is also decreases. This affects the ignition 

delay, increasing the HC emission from the exhaust. Such a 

experience is observed at low load conditions vary greatly. 

So from above results the negative and positive 

effect of EGR is illustrated. It has a positive effect on NOX 

formation by reducing it and as a negative effect it causes 

decreased thermal efficiency and increased Bsfc. It also 

increases the HC emissions particularly at low loading 

conditions. 

In another practical work the experiment was 

conducted for different water flow rate keeping the EGR 

percentage constant. Observation shows the various effect of 

EGR temperature on the engine performance and emission. 

Load 

kg 

Water flow 

rate (ml/min) 

HC 

ppm 

NOX 

ppm 

8 9 52 55.65 

8 16 54 54.12 

8 38 58 53.55 

12 9 66 67.35 

12 16 69 66.10 

12 38 71 65.85 

16 9 88 80.50 

16 16 89 79.85 

16 38 90 78.65 

Table 2: Result table for 5% EGR rate & water injection 

9ml/min, 16ml/min and 38ml/min, in diesel engine 

So, as the EGR temperature is increased in the 

engine inlet charge deceased NOX emission is measured. 

This phenomenon is same as the NOX formation is 

suppressed in cylinder when the EGR rate is increased 

inside the cylinder. This event is continues in other set of 

experiments for higher load. Other set of results for loads is 

shown in below tables.  

The below table also contains the HC emission 

from diesel engine showing the effect of EGR temperature 

on HC emission. 

Load 

kg 

Water flow 

rate (ml/min) 

HC 

ppm 

NOX 

ppm 

8 9 55 40.56 

8 16 58 38.65 

8 38 60 38.15 

12 9 69 51.19 

12 16 71 50.7 

12 38 73 49.5 

16 9 89 49.58 

16 16 90 47.62 

16 38 91 46.98 

Table 3: Result table for 10 % EGR rate & water injection 

9ml/min, 16ml/min and 38ml/min, in diesel engine 

Load 

kg 

Water flow rate 

(ml/min) 

HC 

ppm 

NOX 

ppm 

8 9 61 26.94 

8 16 63 26.35 

8 38 66 26.21 

12 9 72 41.59 

12 16 75 40.56 

12 38 77 38.94 

16 9 90 32.14 

16 16 91 31.50 

16 38 92 30.54 

Table 4: Result table for 15 % EGR rate & water injection 

9ml/min, 16ml/min and 38ml/min, in diesel engine 

 
Fig. 6: Water flow rate V/S NOX for 8 kg load 

 
Fig. 7: Water flow rate V/S NOX for 12 kg load 

 
Fig. 8: Water flow rate V/S NOX for 16 kg load 

These results repeat the same phenomenon as it is 

seen in 5% EGR rate. These experiments show the effect of 

EGR and water injection rate 9ml/min, 16ml/min and 

38ml/min on the formation of NOX. from above graph 

concluded that at 15% EGR rate with water injection that 

gives the better result for reduction in NOx in compare with 

other two experiments. 
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Fig. 9: Water flow rate V/S HCfor 8 kg load 

 
Fig 10 Water flow rate V/S HC for 12 kg load 

 
Fig. 11: Water flow rate V/S HC for 16 kg load 

The effect of EGR with different water injection 

rate shown in above three graph on the emission of HC from 

diesel engine exhaust is shown for different loading 

condition is shown in Fig  above three graphs shows that at 

5% EGR rate gives the better result for reduction in HC than 

other two EGR rates. Lower EGR rate shows promise to 

reduce the NOX formation with a small penalty of HC 

emission than Higher EGR rate. 

IV. RESULT OF EXHAUST EMISSION 

Load 

kg 

Temperature 
0C 

HC 

ppm 

NOX 

ppm Water flow 

8 70 52 55.65 9 ml 

8 90 54 54.12 16 ml 

8 110 58 53.55 38 ml 

12 71 66 67.35 9 ml 

12 89 69 66.1 16 ml 

12 114 71 65.85 38 ml 

16 73 88 80.5 9 ml 

16 92 90 79.85 16 ml 

16 118 91 78.65 38 ml 

Table 5: EGR Rate 5% 

Load 

kg 

Temperature 
0C 

HC 

ppm 

NOX 

ppm Water flow 

8 74 55 40.56 9 ml 

8 94 58 38.65 16 ml 

8 117 60 38.15 38 ml 

12 67 69 51.19 9 ml 

12 92 71 50.7 16 ml 

12 112 73 49.5 38 ml 

16 76 89 49.58 9 ml 

16 86 90 47.62 16 ml 

16 109 91 46.98 38 ml 

Table 6: EGR rate 10% 

Load 

kg 

Temperature 

0C 

HC 

ppm 

NOX 

ppm 
Water Flow 

8 71 61 26.94 9 ml 

8 87 63 26.35 16 ml 

8 117 66 26.21 38 ml 

12 70 72 41.59 9 ml 

12 86 75 40.56 16 ml 

12 115 77 38.94 38 ml 

16 73 90 32.14 9 ml 

16 93 91 31.5 16 ml 

16 112 92 30.54 38 ml 

Tab1e 7: EGR rate 15% 

V. CONCLUSIONS 

An experimental setup was developed to measure the effects 

of exhaust gas recirculation rate with different flow rate of 

water injection on engine performance and emission like 

thermal efficiency brake specific fuel, HC and NOX. The 

result has fulfilled the goal of this experiment. From the 

results, following conclusion has derived. 

 Using EGR with water injection method is more 

beneficial way to reduce NOX emission without much 

affecting the performance. 

 Thermal efficiency and brake specific fuel 

consumption are not significantly affected by the EGR 

rate with water injection. 

 At high load conditions use of cooled EGR is more 

useful than hot EGR for possible NOX reduction.  

 Lower EGR temperatures shows promise to reduce the 

NOX formation with a small penalty of HC emission 

than Hot EGR temperature.  
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