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__________________________________________________________________________________ 

ABSTRACT 

 In recent years, growing concerns about environmental preservation have created a 

demand for a lower pollution automotive diesel engine. Regulations covering diesel engines  

have  also  become   increasingly  stringent  in  many countries.  The present  work 

examines the effects of  oxygen addition on diesel engine combustion parameters and 

pollutant emissions. Oxygen is enriched by adding oxygenate additive to the  diesel  fuel.  

This  paper  deals  with  oxygenate  selection criterion and emission reductions in modern 

diesel engines. 

Critical fuel blending properties, which were used to screen and identify viable 

oxygenate additives,  includes high oxygen content, diesel fuel solubility, cost,  toxicity 

flashpoint, viscosity, water solubility in the resultant fuel blend, oxygenate extractability from 

the fuel and minimal impact on the natural diesel  fuel  cetane  number.  The  chemical  

diethylene  glycol dimethyl ether meets the above requirements, which is used as oxygenate 

of  various compositions of blends. The experiment was  conducted on single cylinder four 

stroke diesel engine.  It was  found  that  addition  of  oxygenated  agent  decrease  the brake 

specific fuel consumption and pollutant emissions. 
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1.0 INTRODUCTION 

Diesel engines currently find applications in most heavy   load   vehicles   and   in   

many   stationary   power- generation units, because of their high torque output, size 
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flexibility, durability and fuel efficiency. Thus, to facilitate widespread applications of such 

engines, attention has been paid to the associated environmental issues. The main pollutant 

emissions from diesel engines are fine particulate matter and oxides of nitrogen, unburned 

hydrocarbon and carbon monoxide emissions are less pronounced, but are still significant. 

The reduction   of such pollutants from diesel engines is dictated by increasingly 

stringent environmental regulations all over the world. There are many different 

techniques for reducing emissions; some involve engine design and operational parameters, 

whereas others focus on engine exhaust after-treatment. 

Diesel engines though enjoying higher fuel economy than gasoline engines suffer 

from inherent higher PM and nitride oxide emissions. Currently there are many techniques 

that are capable of improving the combustion processes of diesel engines, such as the fuel 

injection retarding, exhaust gas recirculation, high-pressure injection and air intake 

supercharging. However, due to the trade-off between the Particulate matter PM and Oxides 

of nitrogen NOX  emissions, it is very difficult to have simultaneous reductions of both the 

emissions. 

The reduction of diesel engine emissions could be considered from three aspects: the 

combustion improvement technique, the exhaust after treatment technology and the fuel   

reformulation   technique.   However,   the   relevant research on fuels especially on liquid 

fuels was still less investigated until very recently. One promising in-cylinder technique for 

reducing primarily soot emissions from diesel engines is to increase the oxygen availability 

in the combustion chamber. This can be done by either burning oxygenated diesel fuels or by 

increasing the oxygen concentration of the intake air. 

The research on dimethyl ether as an alternative fuel produced great 

enlightenment. DME contains oxygen element and has no C–C bonds, which therefore helps 

to achieve smokeless combustion that is superior than with a diesel fuel even without high-

pressure injection or turbocharger, however, the use of DME requires significant 

modifications on the fuel supply, delivery, and injection systems, which largely limits its 

application. The blending of oxygenates into a diesel fuel could effectively reduce the smoke 

emission from diesel engines, which has a strong synergy to the use of methanol, ethanol or 

dimethyl carbonate. 
 

2.0 OXYGENATE SELECTION 

Key oxygen selection criterion include: cost, toxicity, environmental impact, fuel 

blending properties, and engine performance. Critical fuel blending properties which were   

used   to   screen   and   identify   viable   oxygenates included: high oxygen content, diesel 

fuel solubility, flashpoint, viscosity, water solubility in the resultant fuel blend, oxygenate 

extractability from the fuel, and minimal impact on the natural diesel fuel cetane number. 

The  Oxygenate  should  be  soluble  in  diesel  fuel from 1.0 to 5.0% to achieve 

maximum emissions reduction and  improved  engine  performance.  A  number  of  high 

oxygen   containing   materials,   such   as   ethylene   and propylene  carbonate,  and  most  

E  -  series  glycol  ethers, which are based on ethylene glycol, were eliminated from 

consideration due to poor diesel fuel solubility. As aromatic content in future reformulated 

diesel fuels is reduced from 

35% to 10 - 20%, oxygenate solubility in the less polar hydrocarbon fuels will become 

acute. 
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Oxygenates 

 
Molecula
r 
formula 

Oxygen 
content 

 
(Wt %) 

Penta decane C15H32 0.0 

Di-n-butyl ether C8H18O 11.3 

Methyl-t-butyl 
ether C5H12O 16.8 

Methyl ethyl 
ketone C4H8O 21.9 

Diethylene 
glycol dimethyl 

ether 

 
C6H14O3 

 
33.1 

Dimethoxy 
methane C3H8O2 44.6 

Methanol CH3OH 52.3 

Dimethyl 
carbonate C H O 54.6 

 

Table 1 Comparison of base fuel and various oxygenates 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Diglyme which is associated with health risks and too expensive to be economically 

viable was included in the test program so that benchmark comparisons can  be made with  

previous studies. Various emission  reduction   strategies   which  utilize  oxygenated diesel 

fuel are outlined in this work the comparison of base fuel and diglyme as shown in table 2 

 

TABLE 2: COMPARISON OF BASE FUEL AND DIGLYME  
 

 
Properties      Diesel 

 
Diglyme 

Mole weight (g) 0.86 0.94 

Lower heating 

value(MJ/kg) 

 
42.3 

 
24.8 

Heat of evaporation 
(kJ/kg) 

 
251 

 
318 

Cetane number 45 126 
 

Boiling point (°C) 
 

182-328 
 

160 
 

C (wt %) 
 

86 
 

53.7 

H (wt %) 14 10.5 
 

O (wt %) 
 

0 
 

35.8 
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IC ENGINE SPECIFICATIONS 

 

Type:  Single cylinder four stroke vertical Engine 

Engine speed:  1500 RPM 

Rated power:  3.5 kW  

Bore:  80 mm  

Stroke length:  110 mm 

Cooling:  Water cooled 

   Loading:  Rope brake dynamometer 

 

3.0 RESULTS AND DISCUSSIONS 

Based on the experimental data the graphs were drawn. These graphs shows the 

variation in brake thermal efficiency, specific fuel consumption, NOX, mechanical efficiency 

and air fuel ratio with respect to brake power. 

 

Figure. 2: Load Vs Brake Thermal Efficiency 

The variation of brake thermal efficiency at various loads of the base engine is 

compared with different oxygenates blends as shown in figure.2. There is an improvement in 

the brake thermal efficiency at all loads when 10% of blend is used. This improvement 

is due to better   combustion   of   fuel. However,   brake   thermal efficiency falls as the 

oxygenate blend is increased to 20%. 

The variation of mechanical efficiency at various loads   of base fuel engine is   

compared   with   various oxygenate blends as shown in figure 3. There is a slight increase in 

mechanical efficiency for 10% of blend, but later it is unaltered.  

 
Figure. 4:  Load Vs Mechanical Efficiency 
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Based on the emission readings the graphs were drawn for various pollutant 

emissions with respect to loads.  

The variation of CO at various loads of the base fuel engine is compared with 

various oxygenate blends as shown in figure 5. The result shows that there is decrease in the 

CO for all the blends.  This improvement is due to oxygen content present in the blended fuel. 
The variation of NOX   at various loads of the base fuel engine is compared with 

various oxygenate blends as shown in figure 6. The result shows that there is slight increase 
in the NOX   due to increase in adiabatic flame temperature of the combustion which 
influences oxidation of nitrogen to form NOX.  

 

 
Figure.5:  Load Vs CO 

 
Figure.6:  Load Vs NOX 
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4.0 CONCLUSION 

 The effect of oxygen enrichment on DI diesel engine performance characteristics 

and pollutant emissions. The following  conclusions are summed up, from the examination of 

the experimental findings and computational results: It is concluded that oxygen enrichment 

in the fuel side could lead to significant improvement in performance parameters and 

reduction in pollutant emissions of a diesel engine.   However,   it   has   an   adverse   effect   

on   NOX emissions. Thus, it has to be combined with other methods of controlling NOX   

emissions if overall improvement is desired.  
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