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ABSTRACT 

 Nowadays, the increasing oil consumption throughout the world induces crucial economical, security and 

environmental problems. As a result, intensive researches are undertaken to find appropriate substitution to fossil fuels. In view 

of the large amount of eucalyptus trees present in arid areas, we focus in this study on the investigation of using eucalyptus 

biodiesel as fuel in diesel engine. Eucalyptus oil is converted by transesterification into biodiesel. Eucalyptus biodiesel 

characterization shows that the physicochemical properties are comparable to those of diesel fuel. In the second phase, a single 

cylinder air-cooled, DI diesel engine was used to test neat eucalyptus biodiesel and its blends with diesel fuel in various ratios 

(75, 50, and 25 by vol %) at several engine loads. Performances and exhaust emissions are also evaluated at all operating 

conditions. Results show that neat eucalyptus biodiesel and its blends present significant improvements of carbon monoxide, 

unburned hydrocarbon, and particulates emissions especially at high loads with equivalent performances to those of diesel fuel. 

However, the NOx emissions are slightly decreased when the biodiesel content is increased in the blend. 
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INTRODUCTION 

Diesel engines are indispensable but at the same time the depletion of non-renewable sources of energy and strict 

emission regulations drive us to search for alternative fuels. In earlier days efforts have been taken to use straight vegetable oils 

as fuel in diesel engines. But the higher viscosity of vegetable oils restricts its use directly into the diesel engines. So the 

vegetable oils are converted into biodiesel using transesterification process. Biodiesel is a promising substitute fuel which 

gives reasonably satisfactory performance, reduced emissions and does not require any engine modifications. Emissions like 

NOx can be reduced either by retarding the injection timing or by including the exhaust gas recirculation (EGR) system. But 

this is accompanied by the increase in smoke and specific fuel consumption. Water emulsified fuels are accorded more priority 

due to the simultaneous reduction of NOx and smoke. Water can be mixed with the fuel using various methods such as 

1.injection into the intake air 2. Direct injection into the cylinder 3. Emulsification with water. No engine modification is 

required to use the emulsified fuel directly into the cylinder. High temperature and availability of oxygen are two main reasons 

of formation of oxides of nitrogen (NOx). These are direct results of incomplete combustion. Hydrocarbon levels are higher 

during high speed deceleration, idling and low speed operation. A progressive content of water weakens luminous flames and 

reduces the peak temperature in the diffusion controlled combustion phase and leads to a lower peak pressure and a lower level 

of oxides of nitrogen (NOx) emission. The brake thermal efficiency increases and brake specific fuel consumption, oxides of 

nitrogen (NOx) and hydro carbons (HC) are found to decrease. The available literature giving information regarding various 

types of research works, for example improvement of fuel mixture (Boehner et al,. 1997), development of alternative fuels 

(Graboski et al,.1998) and stabilization of engine to control the emissions (Khalek et al,.1998). The present work can be 

considered as development of alternative fuels. The studies reporting that, an experimental investigation about the influence of 

water–diesel emulsion simultaneously reduces the main pollutant emissions, namely emissions of both oxides of nitrogen 

(NOx) and hydro carbon. 

Engine Test Equipment and Procedure  

A constant speed engine tests are carried out on a single cylinder DI air-cooled LISTER PETTER (TS1) diesel engine 

developing a power output of 4.5 kW at 1500 rpm. It has a bore of 95.3 mm, a stroke of 88.9 mm, a displacement volume of 

630 cm3, and a compression ratio of 18. The experimental setup is shown in Figure 1. An electrical dynamometer is used for 

loading the engine. An orifice meter connected to a large tank is attached to the engine manifold to measure the air flow. The 

fuel flow rate is measured with a Coriolis mass flow meter. This meter uses the Coriolis effect to measure the amount of fuel 

moving through the element. Chromel-alumel thermocouple in conjunction with a slow speed digital data acquisition system is 

used for measuring the exhaust gas temperature. An exhaust analyzer (COSMA) is used for measuring hydrocarbons (HC) by a 

flame ionization detector, while carbon monoxide (CO) emissions are measured using an infrared device. Nitrogen oxide (NO) 

in the exhaust is measured by using a BECK-MAN chemiluminescence NO/NOx analyzer. The particulate matter emissions 

containing carbon smoking emissions are measured by a balance type TEOM1105. The accuracies of the measurements and 

the uncertainties in the calculated  

A high-speed digital data acquisition system in connection with two AVL piezoelectric transducers is used for 

measuring the cylinder pressure and fuel line pressure histories. An optical shaft position encoder is used to give signals at 

TDC. Engine in-cylinder pressure and crank angle signals are sampled for 100 consecutive cycles at the increments of 0.1 

crank angle intervals. Before each experiment, the engine is regulated according to the manufacturer catalogue values. All data 

are collected after the engine has stabilized. During the entire investigations, the working parameters of the test engine are 

fixed as injection timing of 20◦CA before TDC for, engine speed of 1500 rpm, and compression ratio of 18. Experiments are 
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performed with neat eucalyptus biodiesel and its blends with diesel fuel (75% eucalyptus biodiesel, 50% and 25% proportions 

by volume) at various engine power outputs (0.9, 2.25, 3.15, and 4.05 kW). 

  

Figure 1: Photographic view of the experimental setup. (1) Diesel engine, (2) gas analyzer, (3) particulate analyzer, (4) 

diesel tank, (5) biodiesel tank, (6) orifice meter, (7) air tank, (8) wires of different sensors 

RESULTS AND DISCUSSION 

Performance Parameters: The Brake-specific fuel con-sumption (BSFC) is the ratio between mass flow of the tested fuel and 

effective power. Figure 5 represents the BSFC variation with power output at engine speed of 1500 r/min for diesel, biodiesel, 

and their blends. In general, the BSFC is found to increase with raising the biodiesel quantity in the blends under all ranges of 

engine loads. The BSFC of a diesel engine depends on the relationship among volumetric fuel injection system, fuel specific 

gravity, viscosity, and heating value. When increasing biodiesel proportion in blends, calorific value decreases and leads to 

increase the flow rate of the blends for maintaining the same operating conditions in terms of power output for all fuels. As 

expected, when the power output increases, the BSFC decreases sharply for all fuels. As an example, for a power output of 

2.25 kW, the BSFC of the pure diesel is found 23%, 18%, 3.5%, and 0.6% respectively, lower than neat biodiesel, EB75, 

EB50, and EB25. At high-power output (3.15 or 4.05 kW), EB25 and EB50 are found to be the blends that give lower 

BSFC.The relationship between brake thermal efficiency (BTE) and equivalence ratio is presented in Figure 6 as regards the 

engine speed of 1500 rpm. The BTE of a diesel engine is inversely proportional to its BSFC and the heating value of the fuel. 

Since the BSFC values of the biodiesel and its blends are higher than those with diesel fuel, the higher BTE with the diesel fuel 

is an expected result, which is seen in almost all examined power outputs. However, when the power output raised to 4.05 kW, 

the BTE value of the diesel fuel is decreased, and those of the other fuels are increased. The increase in such power output, 

especially under the higher load operating conditions, requires a larger amount of fuel. The amount of air entering the chamber 

is not sufficient for the larger amount of diesel fuel injected. As a result of this, the combustion process deteriorates beyond 

these operating conditions. But when the biodiesel or its blend is injected, there is no pronounced effect due to the presence of 

oxygen in the fuel molecule. The maximum BTE of EB75, EB50, and EB25 blends is around 32% obtained at power output of 

4.05 kW against the 30% for diesel. (Figure.3.) 

(HC) is an important parameter for determining the emission behaviour of the engine. The variation of unburned 

hydro-carbon (HC) with load for the tested fuels is given in Figure 4. It is shown that increasing biodiesel in the blends reduces 

significantly HC emissions comparatively to neat diesel. This is due to the increase in oxygen content in the blend which 

improves the combustion quality in the combustion chamber. It can be noticed that at high power levels (e.g., 4.05 kW), the 

reduction in HC emissions can reach 52% in comparison with neat diesel fuel. The plot of Figure 5 shows the variation of 

carbon monoxide (CO) emissions for neat diesel fuel, neat biodiesel, and their blends at various load conditions (20%, 50%, 

70%, and 90%). It is shown that increasing biodiesel in the blends at low and middle engine loads has only a slight effect on 

the CO emissions due to the dominant premixed lean combustion with excess air. At high engine loads (4.05 kW of power 

output), the CO emission of diesel fuel is 750 ppm but those of biodiesel and its blends are less than 450 ppm. The CO 

emissions of biodiesel and its blends at such load are evidently lower than those of diesel fuel. This is due to the fact that 

biodiesel which contains more number of oxygen atoms leads to more complete combustion. Figure 6 points out the variation 

of nitrogen oxides (NOx) emission with power output for the different fuels are tested. Mainly they are consider three factors, 

oxygen content concentration, ignition temperature, and time, affecting the Nox emissions. At partial loads (20%, 50%, and 

70%), NOx emissions of neat biodiesel and its blends are higher than those of neat diesel fuels. The higher value of 

temperature and presence of oxygen with biodiesel result in an increase in NOx generation. At high loads (90%), neat biodiesel 

emits less oxide of nitrogen than other tested fuels. The maximum oxide of nitrogen emission is observed at 3.14 kW power 

output for all tested fuels. The, biodiesel’s lower sulfur content allows the use of oxide of nitrogen control technologies that 

cannot be otherwise used with conventional neat diesel fuels. Hence the biodiesel’s fuel emissions can be effectively managed 

and eliminated by engine optimization (adjustment of injection timing and introducing to exhaust gas recirculation).  

The variation of particulate emission for the tested fuels as a function of power output is presented in Figure 7 It can 

be noticed that the particulate emissions of biodiesel and its blends are slightly lower than that of diesel fuel at 0.7 and 2.23 kW 

of power output. But when the increase the power output is more, the particulate emissions oxide of nitrogen are significantly 

reduced for biodiesel and its blends as compared with neat diesel fuel. Due to the oxygen content in the biodiesel that 

contributes to complete fuel oxidation. The reason of particulate emission characteristics reduction when using biodiesel is 

lower carbon content and absence of aromatics compounds as compared with neat diesel fuel it can be noticed from the figure 
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that the particulate emissions are increased with increase in power outputs. Due to the decreased air-fuel ratio at higher loads. 

In the combustion chamber the higher quantity fuels are injected and as result, fuel goes unburnt into the exhaust system 

  
 

  
 

  
CONCLUSIONS 

         The aim of this study is to investigate the suitability of eucalyptus biodiesel as an alternative to fuel in DI diesel engine. 

The properties of eucalyptus oil show that it is not possible to fuel diesel engines with this crude oil due to problems generated 

by its high viscosity and low volatility. In order to decrease the oil viscosity, transesterification method is carried out under 

optimum reaction condition are obtained. The analysis of basic properties of eucalyptus biodiesel shows that transesterification 

process is successfully employed to make the viscosity and other characteristics comparable to those of neat diesel fuel. 

The BSFC increases and BTE decreases with addition of biodiesel content in the blend. CO, HC, and particulates in 

the exhaust emissions decrease, whereas oxide of nitrogen increase with increases in percentage of biodiesel in the blend. 

However the emissions increases with increase in engine load for all fuels tested.  
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The conclusion for general is that the eucalyptus biodiesel can be used in the form of blends       to compromise on the NO 

emissions and thermal efficiency. 

SUGGESTIONS FOR THE FUTURE WORK 

 FUEL ADDITIVES SUCH AS DIETHYL ETHER (CETANE IMPROVER) COULD BE ADDED AS WATER HAS NO CALORIFIC VALUE. 

 Manufacturer’s settings such as injection timing, injection pressure, and compression ratio can be altered and optimized.  
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