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Abstract— Biodiesel is an alternative fuel for internal 

combustion engines. It can reduce carbon monoxide (CO), 

hydrocarbon (HC) and particulate matter (PM) emissions, 

compared with diesel fuel, but there is also an increase in 

nitrogen oxides (NOx) emission. This work is aimed to 

compare the effect of applying a biodiesel with either 10% 

blended ethanol or 20% fumigation ethanol. The biodiesel 

used in this study is converted from jatropha plant oil. 

Experiments performed on diesel engine. The effects of 

ethanol fumigation (i.e. the addition of ethanol to the intake 

air manifold) and ethanol± diesel fuel blends on the 

performance and emissions of a single cylinder diesel engine 

investigated experimentally and compared. An attempt made 

to determine the optimum percentage of ethanol that gives 

lower emissions and better performance at the same time. 

This was done by using a simple fumigation technique. The 

modification and testing of a compression ignition engine 

using diesel and ethanol as fuel has been carried out. Tests on 

the engine fuelled with diesel only were made, and the 

performance evaluated to form a basis for comparison for 

those of ethanol ± diesel dual fuelling. Modifications were 

made in the introduction of the ethanol and air. A carburetor 

was used to vaporize ethanol into the engine. The effect of 

preheating the intake ethanol ± air mixture was also 

investigated. Performance was evaluated in terms of engine 

horsepower, brake specific fuel consumption, brake thermal 

efficiency, the exhaust gas temperature, lubricating oil 

temperature and exhaust emissions. 
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I. INTRODUCTION 

In today's scenario diesel vehicles remains a major cause of 

street level air pollution in many cities. For new diesel 

vehicles, increasingly stringent emissions standards have 

been imposed to reduce the pollutants they emitted. For in-

use diesel vehicles, improvements are required to reduce air 

pollution as well. In some cities, after-treatment devices and 

clean fuels have been applied. After treatment devices, 

including the oxidation catalytic converter and the particulate 

filter, can lead to reduction of CO, HC and particulate 

emissions. 

Biofuels such as alcohols and biodiesel have been 

pro-posed as alternatives for internal combustion engines. In 

particular, biodiesel has received wide attention as a 

replacement for diesel fuel because it is biodegradable, 

nontoxic and can significantly reduce toxic emissions and 

overall life cycle emission of CO2 from the engine when 

burned as a fuel. Many investigations have shown that using 

biodiesel in diesel engines can reduce HC, CO and PM 

emissions but NOx emission may increase [1]. The increase 

in NOx emission serves as biodiesel’s major impediment to 

wide-spread use. 

Methanol and ethanol have been widely investigated 

for applying in combination with diesel fuel to reduce 

pollutants, including smoke and NOx[1]. Alcohols have also 

been applied to non-fossil fuels. The properties of jatropha oil 

and ethanol are close to biodiesel, and hence using biodiesel 

in combination of ethanol might lead to reduction of NOx as 

well. There is still no literature reporting experimental results 

on a combined use of methanol and biodiesel while there is 

certainly a need to obtain such experimental data. 

II. LITERATURE SURVEY 

C.H. Cheng, et al[3], has studied the eff ect of applying a 

biodiesel with either 10% blended methanol or 10% 

fumigation methanol. In this setup a naturally aspirated, 

water-cooled, 4-cylinder direct injection diesel engine, with 

some specifications was used for the experiments [1]. The 

engine was modified by them for injecting methanol, through 

electronically controlled fuel injectors, into the air intake of 

each cylin-der. The methanol injection pressure was about 0.3 

MPa and the amount of methanol injected was controlled by 

the electronic control unit. The engine is coupled with an 

eddy-current dynamometer. The engine speed and torque can 

be controlled by the Ono Sokki heavy diesel engine test 

system that allows adjustment of engine speed at a fixed 

engine load or adjustment of engine load at a fixed engine 

speed. 

The fuels used in the experiments include ultralow 

Sulpher diesel (ULSD), biodiesel and methanol. In this 

experiment they derived in the blended mode, there is a 

higher brake thermal efficiency at low engine load while the 

fumigation mode gives higher brake thermal efficiency at 

medium and high engine loads and in the fumigation mode, 

an extra fuel injection control system is required, and there is 

also an increase in CO, HC and NO2 (nitro-gen dioxide) and 

particulate emissions in the engine exhaust, which are 

disadvantages compared with the blended mode. 

M. Abu-Qudais, et al [2] has derived the effect of 

ethanol fumigation on diesel engine. They has made an 

attempt to determine the optimum percentage of ethanol that 

gives lower emissions and better performance at the same 

time. This was done by using a simple fumigation technique. 

Their results show that both in the fumigation and blends 

methods have the same behavior in an effcting the 

performance and emissions, but they have seen the 

improvement in using the fumigation method was better 

when using blends. The optimum percentage for ethanol 

fumigation is 20%.hence, this percentage results an increase 

of 7.5% in brake thermal effciency, 55% in CO emissions, 

36% in HC emissions and reduction of 51% in soot mass 

concentration [2]. 

E. A. Ajav, et al[2] has studied the performance of 

the diesel engine with supplementary  fuel using vaporized 
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ethanol. In this setup a carburetor was used by them to 

vaporize aqueous ethanol into the engine. In this experiment 

they observed ihe engine performance at various loads using 

diesel and vaporized ethanol in terms of brake horsepower 

(bhp), brake speci®c fuel consumption (bsfc), brake thermal 

efficiency. They observed the maximum brake horsepower 

developed by the engine on diesel was 10.7 at 1475 rpm[3].  

They derived the engine developed maximum brake 

horsepower of 10.8 and 10.6 on vaporized ethanol when 

ethanol±air mixtures were inducted at 208C and 508C, 

respectively. The brake specific fuel consumption decreases 

with an increase in engine load and then slightly increased 

after 75% load. This is due to the fact that brake horsepower 

of the engine increases with an increase in brake load, but 

after 75% of maximum load any further increase in brake load 

caused a small increase in brake horsepower. 

Bang-Quan Ha, et al[3] has studied the effect of 

ethanol blended diesel fuels on emissions from diesel engine. 

In this experiment they observed the addition of ethanol to 

diesel fuel changes the physicochemical properties of he 

blends. They also observed the increase of ethanol, density, 

cetane number, kinematic viscosity, high heat value[4]. At 

high load condition ethanol blended diesel fuels have stronger 

effects on smoke, NOx. And at low loads, the blends have 

slight effects on smoke reduction. With the utilization of 

additive and ignition improver, CO, acetaldehyde and 

unburned emissions can be moderately decreased [4]. 

Alan C. Hansen, et al[2] have reviewed the ethanol 

fuel blends. In this experiment they observed the properties 

of ethanol–diesel blends have a significant efect on safety, 

engine performance and durability, and emissions. An 

increase in fuel consumption equivalent to the reduction in 

energy content of the fuel can be expected when using 

ethanol–diesel blends. With ethanol percentages of 10% or 

less,[5] they have re-ported no noticeable differences in 

performance com-pared to running on diesel-fuel. 

Toru Miyamoto, et al[5], have studied the effect of 

hydrogen addition to intake gas on combustion and exhaust 

emissions characteristics of a diesel-engine. In this 

experimental setup they uses cooled EGR system. Diesel fuel 

was directly injected into the combustion chamber with 

common-rail fuel-injection equipment. Exhaust gases were 

introduced to an EGR cooler and then introduced to the intake 

port[6]. They investigated the exhaust emission 

characteristics of a diesel engine with small amounts of 

hydrogen added to the intake air. They reported that NO 

increased with the increase in the hydrogen fraction for the 

diesel-fuel injection timing of _12 _. ATDC. They observed 

the maximum rate of in cylinder pressure rise decreased with 

increasing hydrogen fraction and attained minimum around 

10 vol. % hydrogen fraction[6]. 

M. Senthil Kumar, et al [2], have studied the ethanol 

animal fat emulsions as a diesel engine fuel for engine test 

analysis. From this work their aim is to efficient use of animal 

fat in a diesel engine by making its stable emulsions with 

ethanol and water. A single cylinder direct injection diesel 

engine is tested using neat diesel, neat animal fat and animal 

fat emulsion as fuels under variable load operating 

conditions[7]. They observed that peak pressure increased 

and ignition delay with ethanol animal fat emulsion as com-

pared to neat fat. Heat release pattern shows improvement in 

the premixed combustion phase with animal fat emulsion as 

compared to neat animal fat[7]. 

Z. H. Zhang, et al [3], have studied the emission 

reduction from fumigation methanol and diesel oxidation 

catalyst. In this they observed that the brake thermal 

efficiency is reduced at low engine loads but there are no 

significant changes at medium to high engine loads, when 

fumigation methanol is applied to the diesel engine. There is 

a significant reduction in smoke opacity and particulate mass 

concentration with fumigation methanol, especially at high 

engine loads. After passing through the DOC, particulate 

mass concentration can be further reduced but the smoke 

opacity has little change [9].  Finally they observed that the 

application of fumigation methanol together with a DOC has 

the potential to reduce HC, CO, NOx and PM simultaneously 

at medium to high engine loads [9]. 

H. An, et al[3], have studied the combustion and 

emissions characteristics of diesel engine fueled by biodiesel 

at partial load conditions. Their results show that biodiesel or 

blended fuels have significant impacts on the engine’s brake 

specific fuel consumption and brake thermal efficiency at 

partial load conditions [10]. The increase in BSFC for B100 

is faster than that of pure diesel with the decrease of engine 

load. A largest increase of 28.1% in BSFC is found at 10% 

load and for BTE, the results show that the use of biodiesel 

results in a reduced thermal efficiency at lower engine loads 

and improved thermal efficiency at higher engine loads[10]. 

In their study, the experiments were conducted using diesel, 

bio-diesel and their blend fuels under 10%, 25%, 50%, 75% 

and 100% loads. The calorific value of biodiesel is lower, 

thus the BSFC increases with the increasing biodiesel blend 

ratio at all engine loads[10] 

III. CONCLUSION 

In all cases, the use of ethanol or methanol as a blend with 

diesel fuel compared least favorably with fumigation, and the 

use of such fumigation technique is effective and will give 

reasonable results. 

The engine load is found to have significant 

influences on the CO emissions. At lower engine loads, the 

CO emission increases with the increasing in biodiesel blend 

ratio and decreasing engine speed, and at higher engine loads, 

the opposite trend is observed that the CO emission increases 

with the decreasing biodiesel blend ratio and increasing 

engine speeds. 

In methanol fumigation the blended mode tends to 

further improve the efficiency at low load condition but at 

high load condition the cooling eff ect of methanol reduces 

the efficiency. 
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