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Abstract— Internal combustion engine being a major power 

source in the transportation sector as well as individual 

transport, play an important role in the man-made emission. 

While the mobility in the world is growing, it is important to 

reduce the emissions that result from transportation. A way 

to reduce the NOx emissions of a diesel engine is a use of 

exhaust gas recirculation, EGR with water injection. Here, a 

part of the exhaust gases is rerouted into the combustion 

chamber. This leads to a lower pick combustion temperature 

which in turn reduce the formation of NOx. The objective of 

this work is to study the effect of EGR on the performance 

and emission characteristics of the CI engine.  
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I. INTRODUCTION 

The C.I. engines are more favourable compare to others 

because of their inherently high thermal efficiency, resulting 

from their high compression ratio and fuel lean operations. 

The high temperature is produced due to the higher 

compression ratio required for the achievement of auto-

ignition point for the combustion of diesel. Higher 

compression ratio leads to higher expansion ratio which 

tends to discharge less thermal energy in      the exhaust 

system. The most difficult   problem that an engineer and 

manufacture faces during C.I. engine development are the 

control and reduction in pollutant emissions. 

Diesel engines are internal combustion engines that 

use compression for ignition. Air and fuel are not premixed 

before entering the combustion chamber, high-temperature 

air inside the cylinder, where it ignites and burns. So, 

different methods are employed to control the emission like 

CO, HC, NOx. There are many ways to commit such a 

problem. one of them is to reduce the emission inside the 

cylinder chamber. 

A. Engine Parameters 

Parameter Details 

Engine Single cylinder high speed engine. 

Cooling Water cooled 

Bore* stroke 80mm*110mm 

Compression ratio 16:1 

Max. Power 5 hp or 3.7 kw 

Rated speed 1500 rpm 

II. LITERATURE REVIEW 

A. Effect of Water Injection Into Exhaust Manifold on 

Diesel Engine Combustion and Emission.
[1] 

Authors: M.nour, H.kosaka, Ali k, Abdel-raman, m.bady 

Abstract: In this study, an experimental investigation was 

conducted to assess the combustion and emissions of a 

single cylinder diesel engine using water injection in the 

exhaust manifold. Water is injected into the exhaust 

manifold and by opening the exhaust valve during the intake 

stroke, the injected water and exhaust gases are re-entered 

the engine cylinder then mixed during the intake and 

compression stroke and participated in the combustion 

process. However, with water injection, soot emissions 

reduce by upto 40% but still higher than conventional diesel 

combustion. 

B. Design and Analysis of a High Pressure EGR Valve for 

a four Cylinder Diesel Engine. 
[2] 

Authors: Rahulkumar verma, Abhishek chakraborty,  

Abstract: The aim of this research work is to design an EGR 

valve for a four cylinder diesel engine. The EGR valve of 

alloy steel and EGR valve casing of aluminium alloy is 

melded in auto desk inventor and analysis of same was done 

in the FEA module of the Autodesk inventor. The EGR 

valve is design to sustain different pressure and thermal 

loading. 

C. Effect of Exhaust Gas Recirculation (EGR) on 

Performance and Emission characteristics of a Three 

Cylinder Direct Injection Compression Ignition Engine.
[3]

   

Authors: Jaffar Hussain, K. Palaniradja, N.alagumurthi 

Abstract:exhaust gas Recirculation (EGR) is being used 

widely to reduce and control the    oxides of nitrogen (NOx) 

emission from diesel engines. EGR controls the NOx 

because it lowers oxygen concentration and flame 

temperature of the working fluid in the combustion 

chamber. However, the use of EGR leads to a trade-off in 

terms of soot emissions moreover it exhausted more 

unburned hydrocarbons (20–30%) compared to conventional 

engines.  Present experimental study has been carried out to 

investigate the effect of EGR on performance and emissions 

in a three cylinders, air cooled and constant speed direct 

injection diesel engine, which is typically used in 

agricultural farm machinery. 

D. Effect of EGR at advanced injection timing on 

combustion characteristics of diesel engine.
[4]

 

Authors: S. Saravanan 

Abstract: In the present work effect of EGR at advanced 

injection on combustion characteristics of a diesel engine 

was investigated. A 4.4 kW stationary diesel engine was 

used in this work and test was conducted at different 

percentage of EGR at advanced fuel injection timing. When 

compared to standard injection timing longer delay period, 

higher cylinder peak pressure, higher maximum heat release 

rate and shorter combustion duration were observed at 

advanced injection timing. When exhaust gases were 

recycled into the combustion chamber at advanced injection 

timing, delay period, peak pressure, MHRR and combustion 

duration were found to be increased than those of measured 

without EGR.  
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E. Effect of reformed EGR on the performance and 

emissions of a diesel engine.
[5]

 

Authors: J.thirumala sai kumar, T. Karthikeya Sharma, 

K.madhu murthy. 

Abstract: Diesel fueled CI engine is a widely accepted prime 

over owing to its high fuel conversion efficiency and load 

bearing capabilities. However, its use is constrained by high 

NOx and PM emissions. To address the issue of effective 

abatement of these emissions, an attempt is made in the 

present work and work reports numerical studies on the 

effect of reformed exhaust gas recirculation (REGR) of a 

single cylinder compression ignition engine fueled with 

diesel. For this purpose, a computational study using 

ECFM-3Z (extended coherent flame model-3 zones) model, 

ES-ICE and STAR-CD code has been carried out. 

Considering a sector model of an engine cylinder, incylinder 

pressures and temperatures Soot and Nitrous oxides (NOX) 

emission characteristics are observed. The studies include 

numerical experiments on various levels of REGR with two 

different compositions and comparison with their respective 

exhaust gas recirculation (EGR) levels at medium load 

conditions (write specific amounts). The REGR trends of 

combustion and emissions are significantly modified (is it 

correct here) when compared to EGR levels. Peak pressures 

for all REGR cases are higher than those for corresponding 

EGR levels. 

F. Study of a diesel engine performance with exhaust gas 

recirculation (EGR) system fuelled with palm biodiesel.
[6]

 

Authors: Mohd Hafizil Mat Yasina,*, Rizalman Mamata, 

Ahmad Fitri Yusopa, Daing    Mohamad Nafiz Daing Idrisa, 

Talal Yusaf. 

Abstract: The increase in world population leads to the 

growth in energy demand. The primary sources of this 

energy come from the combustion of fossil fuel which 

producing oxides of nitrogen and other harmful greenhouse 

gas emission. However, biodiesel offers a solution as an 

alternative fuel for internal combustion engine but higher in 

NOx emission. Exhaust gas recirculation (EGR) system is 

used to lower the NOx emission. This paper focuses on 

determining the effect of EGR and palm biodiesel on fuel 

consumption (SFC), exhaust gas temperature (EGT) and 

exhaust emissions(NOx, CO, UHC, and CO2). Experimental 

works using a multi-cylinder diesel engine with EGR and 

simulated works using Diesel-RK were performed at a 

constant engine speed of 2500 rpm in full load condition. 

G. Study of EGR in diesel engine and find their 

properties.
[7]

 

Authors: Deepak agrawal 

Abstract: Conducted a test on a single cylinder DI diesel 

engine and calculated the performance and emission 

characteristics with rise barn methyl ester (RBME) and its 

blends as a fuel with EGR system. Then optimized and 

reported that 20% biodiesel blends with 15% EGR produce 

less NOx, CO and HC emission and also enhanced thermal 

efficiency and reduced BSFC. 

H. Study shows the effect of inlet air preheating by exhaust 

emission with net diesel fuel and diesel kerosene blend in a 

diesel engine.
[8]

 

Authors: Mhia Md. 

Abstract: In their study shows the effect of inlet air 

preheating by exhaust emission with net diesel fuel and 

diesel kerosene blend in a diesel engine. The experimental 

result shows that at an elevated inlet air temperature after 

warming up the engine, oxide of nitrogen (NOx), carbon 

monoxide (CO) and engine noise decrease for medium 

condition using the newly designed system.  

I. Study that Diesel exhaust contains sulfuric salt and other 

abrasive and corrosive substances.
[9]

 

Authors: Ming Zheng 

Abstract: Have concluded in their study that Diesel exhaust 

contains sulfuric salt and other abrasive and corrosive 

substances. It has been argued weather EGR should be 

applied to Diesel engine because of the increased piston 

cylinder wearing heavy uses of EGR could also deteriorate 

the energy efficiency, operational stability PM(particulate 

matter) generation of the engines. However, the concern 

over increased wearing and deteriorated performance has 

soon given way to stringent emission regulation. In stark 

contrast, the current concern is on how aggressively EGR 

shoule be applied to all speed and all load; although 

increased wearing continues to be problem affecting engine 

durability and performances. 

J. The effect of exhaust gas recirculation on the exhaust 

gas temperature.
[10]

 

Authors: B. Jothithirumal 

Abstract: conclude experiment on the effect of exhaust gas 

recirculation on the exhaust gas temperature. The 

experimental set up for proposed experiments was 

developed on two cylinder direct injection air cooled 

compression ignition engine Experiment was conducted for 

observing the effect of different quantities of EGR on 

exhaust gas temperature. 

K. The exhaust gas from upstream of the turbine to 

downstream of the compressor.
[11]

 

Authors: Hawley JG 

Abstract: That the preferred practice is to recycle the 

exhaust gas from upstream of the turbine to downstream of 

the compressor, i.e. a high pressure loop EGR shown in the 

fig. The compressor and inter cooler are not exposed to the 

exhaust. However, such high pressure loop EGR is only 

applicable when the turbine upstream pressure is sufficient 

higher than the boost pressure. In case the pressure different 

cannot be met with the original matching between the 

turbocharger and the engine, remedies must be made by 

either increasing the turbine upstream pressure or reducing 

the boost pressure. Even though a verities of measure can be 

taken, the leading contender is to use a variable geometry 

turbine(VGT) that can effectively provide the desired EGR 

driving pressure without substrainlly sacrificing the 

performance of the turbo charged engine. 
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L. A review on a exhaust gas recirculation system in IC 

engine.
[12]

 

Authors: Jitender Singh, Vikas Bansal  

Abstract: As we know there are several type of vehicles are 

used in the world. In all vehicles internal combustion 

engines, being the major power source in the transportation 

sector as well as in individual transport. Today internal 

combustion engines play an important role in the man-made 

emissions. The performance of a Diesel engine is affected 

by various parameters like compression ratio, air fuel ratio, 

speed etc.Diesel engine performance increases with increase 

in compression ratio. In IC engines compression 

technologies are used to increase fuel efficiency under 

variable loads. But the exhaust gas from vehicles under 

variable loads pollutes the environment. The exhaust gases 

contain toxic gases, mainly nitrogen oxides (NOx) and soot 

particles. This thesis aims exhaust gas recirculation (EGR) 

system was built in the internal combustion engine to reduce 

the pollution in the environment. Exhaust gas recirculation 

(EGR) is a common way to control in-cylinder NOx 

production and is used in most modern high speed direct 

injection diesel engines. 

III. EXPERIMENTAL SETUP 

 
Low Pressure loop    High pressure loop EGR 

A detail analysis of previous and current results of EGR 

effect on the emissions and performance of diesel engine, 

spark ignition engines and dual fuel engines is introduced. 

From the deep analysis, it was found that adding EGR to the 

air flow rate to the diesel engine, rather than displacing 

some of the inlet air, appears to be more beneficial way of 

utilising EGR in diesel engines. This way may allowed 

exhaust NOx emissions to be reduced substance. 
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