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Abstract- Compression ignition (CI) engines are widely used in transportation sector due to its fuel efficiency and low cost 
compared to its counterpart spark ignition (SI) engines. But the emissions produced from these engines create more 
environmental pollution. The present research work aims to utilize Dibutyl Maleate (DBM) additives in a diesel engine to 
study its performance and emissions for improving the environmental conditions. Dibutyl Maleate is mixed with diesel in the 
proportions of 4% and 7% by volume for all the load ranges of the engine. All tests were conducted at steady state. 
Performance parameters such as Brake Specific Energy Consumption (BSEC) and Brake Thermal Efficiency (BTE) were 
studied. Exhaust emissions such as CO, unburnt HC, NOx and smoke were studied. Test results showed that 7% DBM by 
volume is the best proportion for improving the performance and reduce the emissions of the CI engine. 
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I. INTRODUCTION 
 
Research studies indicate that there is an active 
research is on-going in the areas of improving the 
engine Performance, combustion and reducing the 
pollutant emissions of diesel engines. In this research 
work additives of dibutyl maleate is tested to study the 
performance and emissions of a diesel engine. 
Oxygenated fuels can be either synthetically prepared 
oxygenates or biomass products which can be 
produced from both fossil and renewable sources. 
Yanfeng et al. [1] conducted experiments with a new 
kind of oxygenated fuel, 2-methoxyethyl acetate. 
Authors concluded that the emissions of CO and HC 
are decreased with an increase in MEA in the blends. 
The blends have almost no effects on the NOx 
emissions and the thermal efficiency of the engine 
increases by 2%. Ren et al. [2] investigated the 
combustion and emissions characteristics of a DI 
diesel engine fuelled with diesel-diglyme blends. They 
observed that at high engine load, smoke decreases by 
3.7% for a 1 wt% increase of the oxygen mass fraction 
in the blends and NOx concentration shows a slight 
decrease or remains unchanged. Srinivasan et al. [3] 
investigated the performance and emission 
characteristics of two kinds of oxygenates 2-Ethoxy 
ethyl acetate and 2-Butoxy ethanol with three different 
blends. They observed that a considerable reduction of 
smoke emission, carbon monoxide and unburned 
hydrocarbon is obtained and nitrogen oxide emissions 
are increased when the oxygen content is increased 
from 5% to 15%. Chen et al. [4] investigated the effect 
of blended ethanol and biodiesel on diesel emissions 
and performance. Engine torque was reduced and 
brake specific fuel consumption was increased with 
blended fuels. NOx and CO emissions were slightly 

increased and HC emissions were reduced under most 
operating conditions. Sezer [5] investigated the use of 
dimethyl ether and diethyl ether in diesel engines as 
alternative fuels. They observed that the brake specific 
fuel consumption is higher about 43.5% for dimethyl 
ether and 23.6% for diethyl ether than diesel fuel. The 
brake thermal efficiency for dimethyl ether and diethyl 
is generally better than diesel fuel. The lower carbon 
dioxides are obtained by dimethyl and diethyl ethers at 
all conditions, while carbon monoxide and nitrogen 
oxide are slightly higher for dimethyl and diethyl 
ethers at equal equivalence ratio condition. Xiangang 
Wang et al. [6] tested ethanol blends and DGM blends 
in a diesel engine. Ethanol blended fuels increase HC, 
CO NOx and NO2 emissions, while DGM blended 
fuels decrease HC, CO NOx and NO2 emissions. The 
influence of biodiesel on HC, CO NOx and NO2 
emission, lies between that of ethanol blend and DGM 
blend. Singh et al. [7] tested two fuel additives 
dimethyl carbonate (DMC) and dibutyl Maleate 
(DBM) to investigate the effects of the emission 
characteristics of a diesel engine. They found that the 
smoke content reduces by 35% at full load conditions 
using DMC20 blend, the oxygen content in the 
emission increases by 39% with DBM15, the decrease 
in the % of unburnt hydrocarbons and carbon 
monoxide is respectively 19 and 21. The blends of 
diesel with 15% DMC and DBM by volume is the best 
fraction for reduction of smoke and CO emissions 
without much affecting the performance of the engine. 
Krishnasamy et al. [8] tested an oxygenated blend fuel 
containing volumes of 15% bio-diesel and 5% ethanol 
on a direct injection diesel engine with diesel 
oxidation catalyst as after treatment device. Test 
results reveal no significant change in engine 
combustion characteristics and fuel economy but 
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appreciable reduction in particulate matter emissions. 
Sudeshkumar et al. [9] investigated experimentally 
the performance and emissions of di-methoxy 
methane blends in a diesel engine. They concluded 
that the Di-methoxy methane blends improves the 
performance and reduces the emissions. The fuel 
blends can be effectively used in diesel engines as an 
alternative fuel.   
 
Properties of Diesel and DBM 
 
Dibutyl maleate is a clear colorless flammable liquid 
with a low boiling point, low viscosity and an 
excellent dissolving power. It has a chloroform-like 
odor and a pungent taste. Table I shows the properties 
of diesel and blended fuel. 
 

Table I Properties of Fuels 

 
 
Experimental Procedure: 
Engine tests were performed in a single cylinder, four 
stroke, naturally aspirated, water cooled direct 
injection diesel engine with bowl type piston. Table II 
shows the complete specifications of the test engine 
used. The engine was operated at a constant speed of 
1500 rpm and standard injection pressure of 220 bar.  
 

Table II Specifications of a Diesel Engine 
Make and Model Kirloskar DM 10 
Bore and Stroke 102  116 mm 

Compression Ratio 17.5:1 
Cubic Capacity 0.948 Litres 

Rated Speed 1500 rpm 

Rated Power 7.5 kW @ 1500 
rpm 

Injection Timing 26 BTDC 
Injector Opening 

Pressure 200-205 bar 

Valve Timing 
Inlet valve opens BTDC 
Inlet valve closes ABDC 

Exhaust valve opens 
BBDC 

Exhaust valve closes 
ATDC 

 
4.5 Deg. 
35.5 Deg. 
35.5 Deg. 
4.5 Deg. 

 
The engine was coupled to an eddy current 
dynamometer for load measurement. Exhaust 

emissions of CO, HC and NOx were measured with 
krypton 5 gas emission analyzer. The analyzer was 
calibrated according to the instructions of the 
manufacturer. Smoke level was measured using diesel 
tune DX.230 smoke meter. Before starting the 
measurements the engine was allowed to run for 
sufficient time to ensure emissions and fuel 
consumption had stabilized. All the engine tests were 
carried out in the fair constant ambient conditions. 
Experiments were carried out by using neat diesel as 
the base line fuel after that base line data were 
generated and the corresponding results were 
obtained. The engine was then operated with blends 
(4% and 7% by volume) of Di-butyl maleate. Figure.1 
shows the schematic view of experimental setup. 

   
Figure 1 Schematic View of Experimental Setup 

 
RESULTS AND DISCUSSION 
 
Effect of DBM blend addition to diesel fuel on Brake 
Thermal Efficiency:  
Figure 2 shows the variation of brake thermal 
efficiency (BTE) with respect to brake mean effective 
pressure (BMEP) at all load conditions. From the 
experimental findings it was observed that the 
addition of DBM blends increases the thermal 
efficiency compared to diesel fuel. With an increase in 
% DBM, there was a slight increase in thermal 
efficiency. Oxygen present in the blended fuel 
improves the combustion of fuel thereby the efficiency 
improves. 15% DBM blend increases the thermal 
efficiency by 4.4% at 539.3 kN/m2 of BMEP. 
 

 
Figure 2 Variation of BTE with BMEP 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-3, June-2015 

Experimental Study of Performance Parameters and Engine out Emissions of Oxygenated Blends in a Direct Injection CI Engine 
 

71 

Effect of DBM blend addition to diesel fuel on CO 
emissions: 
Figure 3 shows the effect of blended fuel on CO 
emissions with respect to BMEP. CO emission is 
mainly due to oxygen insufficiency. CO emission 
decreases with increase in BMEP.  It can be noted 
from the results that the addition of DBM blend to 
diesel fuel reduces the CO emissions at the engine 
exhaust at all loads operated. The reduction in CO 
emissions is due to oxygen content in the blended fuel. 
15% DBM blend reduces the CO emissions by 31.6%. 
 

 
Figure 3 Variation of CO with BMEP 

 
Effect of DBM blend addition to diesel fuel on HC 
emissions: 
Figure 4 shows the variation of blended fuels on HC 
emissions. HC emission is mainly due to improper 
mixing of fuel and air particles inside the combustion 
chamber. The results revealed that the unburnt 
hydrocarbon emission decreases with the addition of 
blended fuels compared to diesel fuel. HC emissions 
reduced due to better combustion of the blended fuel. 
15% DBM blend reduces the HC emission by 30.7% 
compared to diesel fuel and 7% blended fuel. 
 

 
Figure 4 Variation of HC with BMEP 

 
Effect of DBM blend addition to diesel fuel on NOx 
emissions: 
The Variation of nitrogen oxides emission with 
respect to brake mean effective pressure for 7% and 
15% Dibutyl maleate blend is shown in figure 5. NOx 
formation is a function of combustion temperature. It 
was observed from the results that the addition of 
Dibutyl maleate blend increases the emissions of 

nitrogen oxides. Diesel fuel emits low NOx emission 
than blende fuels. 15% DBM blend increases the NOx 
by 9.7% at full load. High NOx concentration in the 
exhaust gas is due to oxygen content in the blended 
fuels leads to high combustion temperature. 
 

 
Figure 5 Variation of NOx with BMEP 

 
Effect of DBM blend addition to diesel fuel on smoke 
emissions: 
Figure 6 shows the comparison of smoke emissions of 
diesel, 7% dibutyl maleate and 15% dibutyl maleate 
for all load conditions of the engine. With the increase 
in brake mean effective pressure the smoke intensity 
in the exhaust increases. It was observed from the 
results that the addition of dibutyl maleate blends 
decreases the exhaust smoke compared to diesel fuel. 
Smoke density was reduced to maximum of 14.4% for 
15% DBM blend. The reduction in smoke emission is 
presence of oxygen in the blended fuel. 
 

 
Figure 6 Variation of smoke with BMEP 

 
CONCLUSION 
 
This research was carried out to study the effects of 
dibutyl maleate blends in a single cylinder direct 
injection Compression ignition engine.  
 
The following conclusions were drawn. Addition of 
Dibutyl maleate blend increases the thermal efficiency 
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compared to diesel engine. Emissions of carbon 
monoxide, hydrocarbon and smoke intensity were 
reduced compared to diesel fuel. Emissions of 
nitrogen oxide increases for the blended fuel compare 
to diesel fuel.  
 
15% DBM shows better improvement in performance 
and reduction in emissions in a CI engine compared to 
diesel fuel and 7% DBM blend. From the results it was 
observed that the selected oxygenate (DBM) blends 
has shown improvement in performance and 
reduction in emissions and hence the same can be used 
for heavy vehicles as an alternate fuel. 
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