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Abstract 
 
Diesel engines are the major contributors of various types of air polluting gases like carbon monoxide, 
oxides of nitrogen, smoke, etc. Improvement of fuel properties is essential for suppression of Diesel pollutant 
emissions along with the optimization of design factors and after treatment equipment. Studies conducted in 
the past have shown that a significant reduction were obtained in the emissions using oxygenates. This paper 
investigates the performance and emission characteristics of a direct injection Diesel engine fueled with 2 
Ethoxy Ethyl Acetate (EEA) blends. Different fuel blends which contain 5%, 10% and 15% of EEA were 
prepared and the effect of these blends on performance and emissions were studied on a single cylinder di-
rect injection Diesel engine. The blends were tested under different load conditions and the result showed 
that EEA blended fuels improves the performance of the engine and reduce the emission level significantly. 
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1. Introduction 
 
Diesel engines are widely used for transportation and 
agriculture applications due to their reliability, durability 
and high thermal efficiency. However, there are two ma-
jor challenges facing the use of Diesel engines. One is 
related with fossil fuel sustainability and other is related 
with environmental concern on engine emissions. Sofar, 
Diesel engines have adapted many technical break-
throughs for reducing both fuel consumption and pollu-
tant emissions [1]. 

A number of experimental investigations have been 
reported with a wide variety of oxygenated additives to 
improve the fuel properties and engine performance and 
to reduce emissions. Some of these studies suggested that 
improvement in particulate emission is directly related to 
the oxygen content in the blended fuel [2,3]. Ren et al. [4] 
investigated the effect of di-methoxy methane (DMM) 
blended with Diesel fuel on performance and exhaust 
emissions in a compression ignition engine and found 
that remarkable reduction in CO and smoke were 
achieved when operated with Diesel/DMM blends. The 
5% addition of DMM with Diesel gives better thermal 

efficiency and reduced engine emissions. 
Yanfeng et al. [5] used 2 methoxy ethyl acetate in a 

direct injection Diesel engine and reported that addition 
of 15% MEA in Diesel gives 50% - 60% reduction in 
smoke. The CO and HC emissions also decrease with 
increase of MEA in the blends. MEA blends produce 
shorter combustion duration and increased engine ther-
mal efficiency. Husnawan et al. [6] investigated the use 
of oxygenated and metal based additive in bioDiesel- 
Diesel blends in a four stroke Diesel engine and reported 
that the additive blended fuels produce reduced exhaust 
emissions as compared with fuels without additive. 

Sorenson et al. [7] studied the performance and emis-
sion characteristics of DI Diesel engine using dimethyl 
ether (DME) and found that engines produce ultra-low 
emissions. However there are some disadvantages in the 
DME fuel, including reduced viscosity, reduced lubricity 
and vapour block for its low low boiling temperature. 
Ball et al. [8] studied the effect of dimethoxy methane 
additive on Diesel engine particulate matter emission and 
found that the addition of additive causes a shift in par-
ticulate matter size distribution to smaller diameters and 
substantial particulate matter reduction. The NOx emis-
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sion does not changed with dimethoxy methane addition. 
Liu et al. [9-16] carried out experimental work on the 
effect of DMM blended with gas-to-liquid s in a CI en-
gine and found that the particulate matter and smoke 
emissions were reduced with an increase of oxygen con-
tent in the fuel. 

The objective of this study is to investigate the per-
formance and emission characteristics of a direct injec-
tion Diesel engine using 2 Ethoxy Ethyl Acetate blended 
Diesel. 
 
2. Engine Fuel Properties 
 
The fuels used for the experimental analysis were Diesel 
and three kinds of Diesel-EEA blends. The blended fuels 
contain 5%, 10% and 15% of EEA in the Diesel by vo-
lume. The properties of Diesel, EEA and their blends 
were given in Table 1. From the properties, we can 
found that EEA has high oxygen content while the calo-
rific value is lower than the Diesel fuel. 

Figure 1 and 2 shows the oxygen mass fraction and 
calorific value of Diesel-EEA blends respectively with 
respect to the volume fraction. The oxygen content in the 
fuel increases and the calorific value decreases with in-
crease in the EEA addition. 
 
3. Experimental Setup 
 
Experiments were carried out in a naturally aspirated, 
single cylinder four stroke, water cooled direct injection 
Diesel engine. The specifications of the test engine are 
listed in Table 2 and the experimental set up is shown in 
Figure 3. 

In this study, the engine was operated at a constant 
speed of 1500 rpm. The series of tests were carried out 
using Diesel and EEA blends. The performance was 
measured by eddy current dynamometer. The exhaust 
gas emissions were measured by AVL gas analyzer and 
the smoke intensity is measured by Bosch smoke meter. 
 

Table 1. Properties of fuels. 

Properties Diesel EEA 5EEA 10EEA 15EEA 

Chemical  
Formula 

C14H24 C6H12O3 - - - 

Cetane  
Number 

50 61 50.7 51.3 52.3 

Calorific Value 
(MJ/kg) 42.5 23.57 41.58 40.6 39.72 

Oxygen Content 
(% Vol) 0 16.7 0.87 1.69 2.514 

Density (kg/m3) 840 975 847 854 860 

 
Figure 1. Oxygen mass fraction in fuel blends. 

 

 
Figure 2. Calorific value of blended fuels. 

 

 
Figure 3. Experimental setup. 

 
Table 2. Eddy current dynamometer. 

Engine type 4 stroke, single cylinder, CI Engine 
Rated Speed 1500 rpm 

Stroke 110 mm 

Bore 80 mm 

Rated Power 3.7 kW 

Cooling Type Water cooled 

Loading Type Electrical dynamometer 
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4. Results and Discussions 
 
Figure 4 shows the brake thermal efficiency (BTE) vari-
ation with respect to load for Diesel and EEA blends. 
The brake thermal efficiency increases with increase in 
EEA percentage. At full load condition, the 5%, 10% and 
15% EEA blends produce 4.81%, 6.88% and 8.21% 
higher brake thermal efficiency than sole Diesel respec-
tively. The improvement is due to increase in constant 
volume combustion and the larger increase of molecules 
by fuel injection, which leads to better combustion effi-
ciency especially at higher loads. 

The variation of exhaust gas temperature (EGT) with 
respect to load is shown in Figure 5. The presence of 
additional oxygen in the blends always increases the 
possibility of burning the carbon particles in the exhaust 
gases which resulted in higher exhaust gas temperature 
and it also increases with the increase in percentage of 
blends in the base fuel. At maximum load condition, 15 
EEA blend produce 15.51% higher exhaust gas tempera-
ture than sole Diesel. 

Figure 6 shows the variation of carbon monoxide (CO) 
emission with respect to load. The 15% EEA blended 
fuel emits lowest CO emission than other test fuels. At  
 

 
Figure 4. Brake thermal efficiency vs. Load. 

 

 
Figure 5. Exhaust gas temperature vs. Load. 

full load condition 15 EEA emits 25.6% lower CO emis-
sion than that of Diesel. This is due to the presence of 
more oxygen content in EEA which makes better com-
bustion resulting reduced CO emission. 

Figure 7 shows the variation of HC emission with 
load for Diesel and EEA blended fuels. It was observed 
that, the 15% EEA blend produce lower HC emission 
compared to all the test fuels. At full load condition 15 
EEA emits 17.8% lower HC emission than that of Diesel. 
At the same load, the 5% and 10% EEA blends produce 
7.38% and 11.94% lower HC emission than Diesel. This 
reveals that the HC emission tends to reduce as the oxy-
gen content of fuel increases. 

Figure 8 shows the variation of oxides of nitrogen 
(NOx) in the exhaust with respect to load. From the fig-
ure, it was observed that 15% EEA blended fuel produce 
higher NOx emission. The NOx emission increased by 
23.8% at maximum load compared to sole Diesel. The 
more oxygen content in EEA makes combustion better, 
high peak temperature which results increased in oxides 
of nitrogen emission. 

Figure 9 shows the variation of smoke intensity with 
respect to load. The Diesel fuel produce highest smoke 
compared to EEA blended fuels. Compared to sole Die- 
 

 
Figure 6. Carbon monoxide vs. Load. 

 

 
Figure 7. Unburned hydrocarbon vs. Load. 
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Figure 8. Oxides of nitrogen vs. Load. 

 

 
Figure 9. Smoke intensity vs. Load. 

 
sel fuel, the 5%, 10% and 15% EEA blended Diesel 
produce 7.2%, 8.18% and 12.72% less smoke emission 
at maximum load. The reduction in smoke is mainly due 
to the presence of oxygen content in the EEA. 
 
5. Conclusions 
 
The performance and emission characteristics of a single 
cylinder, four stroke Diesel engine fueled with Diesel- 
EEA blends were investigated. The results are summa-
rized as follows. 
• By using the blends of Diesel and 2 Ethoxy Ethyl 

Acetate, the emissions were reduced and simultane-
ous improvement in the brake thermal efficiency was 
seen.  

• The addition of oxygenated compounds increases the 
amount of oxygen required for combustion and the-
reby reduces the HC and CO content in the exhaust 
gas. Because, the increase of oxygen content in the 
fuel helps to make the combustion better and com-
plete. 

• Due to Complete combustion, the peak temperature 
was increased. Due to this increased peak combustion 

temperature the formation of NOx is more. 
• A good reduction in smoke level was achieved from 

the 2 Ethoxy Ethyl Acetate blends compared to the 
neat Diesel fuel. 
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Nomenclature 
 
EEA  2 Ethoxy Ethyl Acetate 
BTE  Brake thermal efficiency 
EGT  Exhaust gas temperature 
CO  Carbon monoxide 
HC  Unburned hydrocarbons 
NOx  Oxides of nitrogen 
BSU  Bosch smoke unit 
 


