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ABSTRACT 

An experimental study is conducted to evaluate the performance and exhaust emissions characteristics of biodiesel 

blends with oxygenated additives, in a standard, single-cylinder, four-stroke, direct injection, diesel engine. The tests are 

conducted using each of the fuel blends or neat diesel fuel, with the engine working at different loads. Fuel consumption, 

exhaust smoke, and regulated gas emissions such as nitrogen oxides, carbon monoxide and unburned hydrocarbons are 

measured. The performance and exhaust emission parameters of the fuel blends  are compared with baseline diesel and 

B20.Inthe current work, oxygenated additive such as ethanol, butanol, diethyl ether added with the optimum blend of ceiba 

petandra biodiesel B20 (B20E5,B20Bu5,B20DEE5). The additives’ oxygen content, volatility, latent heat controlled the 

emission characteristics of the blends.Results reveal that potential improvement of ceiba petandra biodiesel blends with the 

addition of these three oxygenated additives. 
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I.  INTRODUCTION 

Due to dwindling crude oil resources and stringent environment legislation fostered a research towards biofuels. 

Biofuels are generally considered as offering many priorities, including sustainability, reduction of greenhouse gas emissions, 

regional development, social structure and agriculture, and security of supply.Biodiesel , is a renewable, biodegradable and 

nontoxic alternative fuel with the potential to reduce lifecycle CO2 emissions.Silitonga et.al evaluated non edible ceiba 

petandra biodiesel as a viable diesel engine fuel.This potential non-edible energy source to be improved.Fuel additives play a 

crucial role in changing the molecular structure of the fuel and the enhanced chemical reactivity benefits in attaining better 

performance. Oxygenated additives like di-ethyl ether, di-methyl ether and carbonates have the tendency to promote oxidation 

of fuel to support better combustion. The objective of this study is to investigate the effects of various oxygenated additives 

such as ethanol, butanol, diethyl ether to Ceiba Petandra biodiesel diesel blends on the diesel engine performance and exhaust 

emissions. Then, the test results of blends were compared with the results of diesel fuel and biodiesel 20%(B20). 

MATERIALS AND METHODS 

The commercial diesel fuel employed in the tests is obtained locally. The biodiesel produced from ceiba petandra is 

prepared by a method of alkaline-catalyzed transesterification. The ethanol is an analysis-grade anhydrous ethanol (99.7% 

purity). The diethyl ether is an analysis-grade anhydrous diethyl ether (99.5% purity). The isomer of butanol, n-butanol having 

a straight-chain structure was used in the present study. It waspurchased from local commercial representatives certified to 

apurity of 99.9% (analytical grade).Table 1 shows the main properties of the test fuels.  

Figure 1 shows the schematic diagram of the experimental set up. The experiment was carried out in a kirloskar tv1 

model single cylinder four-stroke water-cooled diesel engine coupled with eddy-current dynamometer.. The fuel flow rate was 

measured on volume basis using a burette and stop watch .Exhaust emission such as CO, HC, and NOX was measured by 

using AVL 444 DI gas analyzer&smoke was measured by using AVL437C smoke meter. The engine was loaded from 20% 

to100% progressively in steps of 20% by controlling the current supplied to the eddy current dynamometer. 

RESULT AND DISCUSSION 

Brake specific energy consumption (BSEC): It can be seen from the fig. 2 that the energy consumption of the 

enginedecreases for B20DEE5 blend. This may be due to the higher cetane number of DEE that allows the blend to ignite 

earlier than diesel and also it has higher oxygen content which allows better combustion of the charge. As a result, the engine 

required less amount of energy, which subsequently reduced the BSEC. Despite higher oxygen content, B20, B20E5, B20Bu 

blends BSEC was higher than diesel due to reduced energy content. 

Table 1: Properties of test fuels. 
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Fig. 1 schematic for experimental setup 

 

 

  
Fig.2 variation of Brake specific energy consumption 

with load 

Fig.3 Variation of brake thermal efficiency with 

load 
Brake Thermal efficiency (BTE): It is the ratio of power output to the product of injected fuel mass flow rate and lower 

heating value. Fig.3 shows the BTE of the engine fueled by various blend fuels and diesel. It can be seen from the fig that 

B20DEE5 has a better efficiency than diesel. This may be attributed to the finer atomization and the lower heat losses due to 

lower temperatures at the initial part of combustion. It is observed that for B20 &B20E5 BTEs are slightly lower than those of 

diesel fuel. This can be explained as the increase of BSEC for these blends. 

  

Fig.4 Variation of carbon monoxide emission with load Fig.5 Variation of HC emission with load 

Carbon monoxide (CO) emission: CO is an intermediate combustion product and is formed mainly due to incomplete 

combustion of fuel. Fig. 4 shows the CO emission of B20 and the improved blends with oxygenated additives. Significantly 

lower CO emission of B20 compare to the conventional diesel is mainly due to the oxygen content of biodiesel which makes 

the combustion more complete. Oxygenated additives blends showed lesser emission than B20.This benefit in CO emissions 

could be due to the lower C/H ratio of additives.  

Hydrocarbon(HC) emission:The variation of HC emission with respect to load, as shown in fig.5 admits the fact that HC 

emission increases with the increase in load for all blend fuels due to increased fuel to air equivalence ratio. Oxygenated 

additive blends HC emission was higher than B20.It may be due to the late escape into the cylinder of the fuel left in the nozzle 

sac volume, because, with the addition of ethanol, n-butanol & DEE and this is easier to evaporate and slipped into the cylinder 

especially at low speed during, expansion stroke. 

Nitrogen oxide emission (NOX): Nitrogen oxide is the generalized term for NOandNO2 given with NOx .From the fig.6 it can 

be seen that the NOx emissions increased with an increase of the engine load for all tested fuels. This may be due to a higher 

combustion temperature inside the cylinder at a higher load, as a greater amount of fuel is burned at higher loads. At all 

loads,B20 showed higher NOX because they contain more oxygen and higher premixed part of combustion. However, although 
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ethanol, n-butanol and diethyl ether have higher oxygen content B20E5, B20Bu5, B20DEE5 showed lower NOX through their 

reduced part of premixed combustion and higher latent heat of evaporation which resulted in lower in cylinder temperature. 

The B20DEE5 blend shows a little higherreduction against the corresponding n-butanol blend, which may be attributed to the 

much lower blend temperatures of DEE against n-butanol. 

  

Fig.6 Variation of oxides of nitrogen emission with load Fig.7 Variation of smoke emission with load 

Smoke emission: Fig.7 indicates smoke emission for biodiesel with various additives at different loads. Smoke which 

normally forms at fuel-rich zone at higher temperature and pressure. It can be seen that smoke values for biodiesel and its 

blends were lesser than diesel. But B20 smoke emission was higher than oxygenated additives blends. However, B20DEE5 

showed little higher reduction compared to B20E5, B20Bu5.This may be owing to lower viscosity of DEE than ethanol and n-

butanol, causing a better atomization. 

CONCLUSION 

The following conclusions can be drawn from this study: 

 NOX and CO emission reduced with the use of n-butanol and diethyl ether, whereas ethanol did not show significant NOX 

reduction in correspondence to other blends. 

 Oxygenated additive blends reduced smoke significantly. 

 Diethyl ether blends improved slightly in both performance and emissions with respect to n-butanol blends. 

 n-butanol and diethyl ether showed overall improvement regarding performance and emission while ethanol showed 

improvement regarding only emission. 
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