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Abstract— Diesel engines are the main power source for the 

automobiles but emission norms are strict for any engine. 

Among the main pollutants PM, NOx, CO, HC, SOx, 

aldehydes most harmful pollutants of diesel engine are NOx 

and PM. Exhaust gas recirculation (EGR) is effective for the 

reduction of NOx emission from engines but also reduces 

efficiency. This happens due to accumulation of burnt gases 

in combustion chamber. Diesel Particulate Filters (DPF) are 

designed to reduce the mass emissions of diesel particulate 

matter and have proven to be effective in this aspect. The 

aim of this work is to analyze the effect of EGR, DPF and 

DOC on the engine performance and exhaust emission 

characteristics. The work carried out on the four stroke four 

cylinder Diesel engine. Experimentation involves the 

addition of oxygenated fuel Di-Ethyl Ether with the Diesel 

fuel. The results showed the increase in brake thermal 

efficiency and decrease in specific fuel consumption with 

increase in EGR valve opening due to the supply of extra 

oxygen molecule by the additive. Further, a significant 

reduction in the emissions of PM, NOx, HC, CO was 

observed with the application of DPF and DOC into the 

exhaust of engine. 
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I. INTRODUCTION 

The diesel fuelled engine affects the areas of commercial 

machinery on the aspects of its superior combustion 

efficiencies and lower exhaust emissions. The researchers 

are continuously in questing of economical consumption for 

better utilization of conventional foci fuels. The use of 

diesel with oxygenated additives blends enables the 

beneficial solutions towards improving engine combustion 

and to lower down the exhaust byproducts pollutants. 

Oxygenated additives are the chemical compounds which 

makes available excess oxygen required for combustion. It 

improves burning capabilities and these blends endow 

exhaust emissions reduction. The research objective is to 

investigate the engine performance and emission 

characteristics at variable compression ratio using Diethyl 

ether blended diesel fuel. The diesel blend with DEE lower 

down the ignition temperature the self-ignition temperature, 

it also advances cetane value.[1].     

The emission of nitrogen oxides and particulate 

matter from Diesel engine are main concern although all 

emission regulation limits the carbon monoxide and 

unburned hydrocarbons also. Combustion chamber design 

optimization, control of injection rate, multiple injections, 

Exhaust gas recirculation, variable boost pressure have been 

found to provide substantial reductions in both NOx and PM 

emissions from heavy-duty diesel engines. Exhaust 

aftertreatment that includes selective catalytic reduction 

(SCR), NOx storage-reduction (NSR) catalysts, diesel 

particulate filter (DPF) and continuously regenerating trap 

(CRT) is another approaches that have been pursued to 

control emissions. 

Exhaust Gas Recirculation (EGR) is a pre-

treatment technique, which 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. Higher soot 

generated by EGR leads to long-term usage problems inside 

the engines such as higher carbon deposits, lubricating oil 

degradation and enhanced engine wear[2]. 

Diesel engine manufacturers have been working 

extensively to develop aftertreatment technologies that are 

capable of significantly reducing the emission levels of each 

of the primary pollutants which are a risk to the environment 

and public wellbeing. Diesel Particulate filters has a 

honeycomb ceramic monolith that traps the particulate 

matter as the gas flows through porous walls of its cells, is 

the most common form of diesel particulate filters (DPF) 

being used and these are known as ‘ceramic wall flow 

filters’. DPF commonly have a cell density of 100 cpsi with 

0.017 in. wall thickness, designated as 100/17 cell structure 

substrate. Circular cross section of filters is most common 

due to its superior mechanical strength and high thermal 

resistance. The filters of circular cross section experience 

less severe temperature gradients and have more uniform 

temperature distribution. They are also easy to pack in the 

casing for mounting on vehicle. Filter size, as a thumb rule 

is normally equal to the swept volume of engine.  

Diesel oxidation catalyst is an aftertreatment 

device, have been used on the European light-duty diesel 

vehicles since early 1990s. Depending upon the engine 

design and operating conditions, DOC oxidizes 30 to 80% 

of the gaseous HC and 40 to 90% of CO present in the 

exhaust. A DOC appears similar in construction to the 

oxidation catalysts used SI engines, yet it has some 

important differences. As presence of SO3 in exhaust 

deactivates alumina wash coat by formation of Al2 (SO4)3, 

different washcoat materials like titanium oxide, silicon 

dioxide and zirconium oxide have been used. Mainly the 

noble metal platinum is used in DOCs.[3] 

II. LITERATURE REVIEW 

K.J.Samuel et al.[4] experimentally investigated the usage 

of preheated crude pongamia oil (CPOP), pongamia methyl 

ester (PME) and diethyl ether (DEE) biodiesel blends on an 

unmodified diesel engine running on its full throttle. 

Preheating crude pongamia oil reduces its viscosity, which 

is always an issue with biodiesel fuels. In the present study, 
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the performance and emission parameters are evaluated for 

DBD 1 (CPOP 60% and D 40%), DBD 2 (PME 60% and D 

40%) and DBD 3 (CPO 60%, DEE 15% and DEE 25%). 

The experimental data obtained for performance and 

emission parameters for biodiesel fuels are checked in par 

with mineral diesel. For all the biodiesel blends, the trend 

for BTE is found increasing whereas BSFC followed a 

decreasing trend at all operated loads. Particulate emissions 

except HC and NOx are lesser in biodiesel blends than 

diesel due to the presence of dissolved oxygen. Also, the 

addition of diethyl ether to crude pongamia has significant 

impact on performance improvement and reduced emissions 

when compared to other blends. From this experimental 

study, it is concluded that pongamia oil because of its rich 

availability in India can be the best fuel for blending with 

diesel and using for small and medium scale energy 

producing vehicles.   

G.Pranesh’s[5] experimental results on dual fuel 

operation of a single cylinder diesel engine with diesel, 

cottonseed oil and mixture of cottonseed oil and diethyl 

ether (DEE) as primary fuels. Results on brake thermal 

efficiency, fuel consumptions and emissions, namely, un-

burnt hydrocarbon (HC), carbon monoxide (CO) and NOx 

are presented here. The paper also includes vital information 

regarding performances of the engine at a wide range of 

load conditions with different blended fuel substitutions. 

M.Badami et. al.[6] studied the influence of pilot 

injection timing and quantity on soot, NOx, combustion 

noise and bsfc has been analyzed on a passenger car Dl 

Diesel engine prototype equipped with a common rail fuel 

injection system. The investigated engine operating points 

were 1500/5, 2000/2, 2500/8 rpm/bar, which are quite 

typical of EC driving cycles. For each of these operating 

conditions, the pilot injection quantity was varied by up to 

15% of the total injected quantity and the pilot injection 

timing was varied between 32 degree and 1 degree crank 

angle degrees.  

Koichiro Nakatani et. al. [7] explained that a new 

after-treatment system called DPNR (Diesel Particulate-

NOx-Reduction System) has been developed for 

simultaneous and continuous reduction of particulate matter 

(PM)and nitrogen oxides (NOx) in diesel exhaust gas. This 

system consists of both a new catalytic technology and a 

new diesel combustion technology which enables rich 

operating conditions in diesel engines. The catalytic 

converter for the DPNR has a newly developed porous 

ceramic structure coated with a NOx storage reduction 

catalyst. A fresh DPNR catalyst reduced more than 80% of 

both PM and NOx. This paper describes the concept and 

performance of the system in detail. Especially, the details 

of the PM oxidation mechanism in DPNR are described.  

Sougato Chatterjee et al. [8] studied the combined 

EGR-DTF system has been used in Europe over the past 4 

years, with over 1200 systems installed on urban buses and 

other on-road applications. This system has shown 40 to 

60% NOx reduction in addition to greater than 90% Co, HC 

and PM reductions. Recently several field trial programs 

have been initiated to evaluate the performance and 

durability of this EGR-DPF system under US operational 

conditions. These include retrofit applications on urban 

buses and on construction trucks. FTP tests on engine 

dynamometer have demonstrated 48-58% NOx reductions 

with these systems while chassis dynamometer tests have 

shown 50 to 60 % NOx reductions. Simultaneously, greater 

than 90% CO, HC and PM reductions were also observed in 

these tests. In this paper, this combined EGR-DPF system is 

discussed in detail In addition, the operational and the 

emissions testing data from the combined EGR-DPF 

equipped vehicles are also presented.  

Naeim A. Henein et al.[9] studied emissions trade-

off and combustion characteristics of a high speed, small-

bore, direct injection, single cylinder, diesel engine are 

investigated at three different load conditions. The 

experiments covered a wide range of parameters including 

the injection pressure, exhaust gas effects of each parameter 

on the ignition delay (ID), apparent rate of energy release 

(ARER), NOx, Bosch smoke unit (BSU), CO and 

hydrocarbons are investigated. The results show that the 

NOx emission dropped continuously with increase in EGR 

(up to 55%), but with increasing smoke emission in a 

classical trade-off relationship. The increase in injection 

pressure generally reduced smoke with NOx penalty; 

however, the NOx penalty decreased at higher EGR. There 

also appears to be an increase in the cool flame intensity at 

the high EGR rates.  

III. EXPERIMENTAL SETUP 

The main fuel used for the running of the engine is Diesel. 

Di-ethyl ether solution is used as blends with diesel at 20% 

proportion. Di-ethyl ether is a strong oxidizing agent and a 

weak acid in water solution. The formula is similar to that of 

water, with an extra atom of oxygen attached, C4H10O. 

Table 1 shows the properties of Diesel and 20% Di-ethyl 

ether blends with diesel used in the experiments.  

Properties Diesel 20% DEE 

Specific gravity (g/cc) 0.817 0.7993 

Viscosity (cst) 4.065 1.89 

Calorific value (kJ/kg) 48,742 45,041 

Table 1: Measured Properties of Diesel and Diethyl ether at 

GKVK, Bangalore at 25oC 

Experiments are conducted a four stroke, four-cylinder, 

water cooled compression ignition engine. 

 
Fig. 1: Diesel Engine Test Rig 

1) Hydraulic dynamometer  

2) Control valve 

3) EGR cooler 

4) Air filter 

5) CI engine 

6) Air chamber 

7) Fuel tank 

8) EGR cooler inlet 
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9) EGR cooler outlet 

10) Exhaust gas outlet from silencer 

11) DPF and DOC 

A. Diesel Particulate Filter (DPF) 

The photograph of DPF is shown in fig 2 and its 

specification in given below. 

 
Fig. 2: Photograph of a Diesel Particulate Filter (DPF) 

 

B. Diesel Oxidation Catalyst (DOC)  

The photograph of DOC is shown in fig 3 and its 

specification is given below. 

 
Fig. 3: Photograph of a Diesel Oxidation Catalyst (DOC) 

DOC Specification 

 

 
Fig. 4: Photograph of both DPF and DOC arrangement 

The Fig 4 shows the photograph of the arrangement 

of DPF and DOC in the exhaust line connecting after the 

muffler. The DPF and DOC are placed in series one after the 

other. The exhaust gases coming from the emission line 

passes through the DPF and then DOC to exit to the 

atmosphere. 

IV. RESULTS AND DISCUSSIONS 

The investigation of diesel engine performance is done by 

blending diesel with diethyl ether with and without EGR. 

The analysis is done in the sequence of comparison of 

performance obtained at different concentrations of diesel 

fuel with di-ethyl ether at 20% for various EGR valve 

openings. The test is conducted for an injection pressure of 

180 bar. 

The variation of brake thermal efficiency and 

exhaust gas temperature at different load has been presented 

and discussed. The engine speed is kept at a constant speed 

of 1200rpm with an EGR valve opening of 1/4, 1/2, 3/4. The 

results were analyzed as follows:  

 
Fig. 5: Brake power v/s Brake thermal efficiency for Neat 

Diesel 

The brake thermal efficiency was measured with 

brake power for all test turns using Diesel, with and without 

EGR for 4, 8, 12, 16 kg loads as shown in fig 5. The brake 

thermal efficiency has been found to decrease by 

recirculating exhaust gas. This happens due to burnt gas 

occupying the engine cylinder which thereby reduces the 

availability of oxygen for combustion. The maximum brake 

thermal efficiency has been found to be 13.34% at 4931.04 

W for without EGR condition. 
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Fig.  6:  Brake Power v/s Exhaust Gas Temperature for Neat 

Diesel 

The Exhaust gas temperature is compared with 

brake power for all the test turns using Diesel, with and 

without EGR for 4, 8, 12, 16 kg loads as shown in fig 6. It is 

found that exhaust gas temperature reduces with the 

application of E.G.R which in turn reduces the NOx 

pollutant in the engine emission. The minimum value of 

exhaust gas temperature is found to be 148°C for a brake 

power of 4931.04 with  1/4 valve opening for EGR. The 

highest exhaust gas temperature for the same load is 

obtained is 161 °C at 3/4 EGR valve opening. 

 
Fig. 7: Brake power v/s Brake thermal efficiency 

The brake thermal efficiency was measured with 

brake power for all test turns using 20% DEE, with and 

without EGR for 4, 8, 12 and 16 kg loads. The brake thermal 

efficiency is found to increase by injecting the diethyl ether. 

The reason is that the di-ethyl ether which is added as an 

additive supplies an extra oxygen molecule to the fuel for 

complete burning. The maximum brake thermal efficiency 

at 4931.04 W is found to be 16.52% with 3/4 EGR valve 

opening as shown in fig 7. The minimum brake thermal 

efficiency for the same load is 12.35 % at without EGR 

condition. 

The Exhaust gas temperature (EGT) is compared 

with brake power for all the test turns, using 20% DEE, with 

and without EGR for 4, 8, 12 and 16 kg loads. It is found 

that Exhaust gas temperature reduces with the application of 

EGR which in turn reduces the NOx contaminants in the 

engine emission. The minimum value of exhaust gas 

temperature for a brake power of 4931.04 W is found to be 

140 °C with 1/4 EGR valve opening shown in fig 8. The 

maximum exhaust gas temperature for the same load is 150 

°C for 3/4 EGR valve opening. 

 
Fig. 8: Brake Power v/s Exhaust Gas Temperature 

 
Fig. 9: Particulate Matter v/s Diesel blends 

The above fig 9 shows the PM emission with 

Diesel blends. The result shows that with the usage of DPF 

and DOC the PM emission has been decreased at larger rate. 

This happens due to the precious metal present in the DPF 

and DOC enhances regeneration. The PM emission has been 

increased with the EGR for neat diesel fuel whereas in the 

case of 20% Di-ethyl ether, it has diminished.  

The lowest PM emission is found with DPF and 

DOC for neat diesel fuel at without EGR condition. Overall 

there has been about 95% reduction in PM emission with the 

usage of both DPF and DOC. 

 
Fig. 10: NOx Emission v/s Diesel Blends 

Fig 10. displays the NOx emissions for neat Diesel 

and as well as for diesel and 20% Di-ethyl ether blend. The 

result showed that NOx emission has been decreased with 

the application of aftertreatment devices. The NOx emission 

was dropped to a minimum with the usage  both Diesel 



Emission Reduction in Diesel Engine by injecting Di-Ethyl Ether and adopting Diesel Particulate Filter and Diesel Oxidation Catalyst 

 (IJSRD/Vol. 5/Issue 02/2017/279) 

 

 All rights reserved by www.ijsrd.com 1030 

Particulate Filter and Diesel Oxidation Catalyst for 3/4 EGR 

valve opening. There is a significant decrease in NOx 

emission with the usage of aftertreatment devices. 

The graph in fig 11. shows the variation in HC 

emission for different parameters. The results showed that 

the HC emission has increased with the injection Di-ethyl 

ether as the content of hydrocarbon is more in the fuel. At 

last HC has been considerably reduced to minimum with 

DPF and DOC. But the lowest HC emission was obtained 

for Neat Diesel fuel at 3/4 EGR opening with the application 

of  DPF only The result showed in fig 12, that the CO2 

emission has been increased by injecting di-ethyl ether and 

with the application of both DPF and DOC. This shows a 

better result with di-ethyl ether. Also, CO2 emission has 

increased with EGR compared to without EGR condition. 

 
Fig. 11: HC Emission v/s Diesel Blends 

 
Fig. 12: CO2 Emission v/s Diesel Blends 

V. CONCLUSIONS 

The increase in brake thermal efficiency with increase in 

EGR valve opening was observed for all the loads, for both 

diesel and 20% DEE injection. The maximum brake thermal 

efficiency at 4931.04 W is found to be 16.52% with 3/4 

EGR valve opening for 20% DEE. Having this optimum 

operating condition of 3/4 EGR valve and maximum load, 

the emissions were measured with DPF and DOC. There has 

been about 95% reduction in PM emission with the usage of 

both DPF and DOC. The NOx emission was dropped to a 

minimum with the usage of both DPF and DOC for 3/4 EGR 

valve opening. But the lowest HC emission was obtained for 

Neat Diesel fuel at 3/4 EGR opening with the application of 

DPF only. Also, CO2 emission was minimum for diesel at 

3/4 EGR condition with DPF only.  By all these results, it 

can be concluded that EGR, DPF and DOC devices are 

necessary in reducing the engine emissions. 
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