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Abstract: Increase in energy demand, stringent emission norms and depletion of oil resources led to find 
alternative fuels for internal combustion engines. In this paper we study the performance and emission 
characteristics of CI engine fuelled with eucalyptus oil Blended in the blending ratio B20, B40, B60, B80 with 5% 
and 10% DEE. The Experiment was carried out in the four stroke, single cylinder diesel engine by varying the load 
from 0% to 80%. The result shows that addition of eucalyptus oil increases the Brake thermal efficiency with 
reduction in specific fuel consumption and exhaust gas temperature. Increasing amount of eucalyptus oil in the 
blends also reduces the emission parameter such as CO, CO2, NOX and O2 with an increase in the HC emission. The 
addition of DEE in the eucalyptus oil blend diesel fuel has similar effect to that of addition of pure eucalyptus oil in 
varying proportions, that  increases the brake thermal efficiency with reduction in specific fuel consumption and 
exhaust gas temperature, the effect on the emission characteristics by addition of DEE results in a lower CO, CO2, 
NOX and O2 with an increase in the HC emission. The effective mixing of eucalyptus oil and DEE yield satisfactory 
result on the combustion characteristics at lower load which gets better on  increasing the load. 

1. Introduction 

1.1  Eucalyptus oil and its characteristics: 
In 1856 regular plantations of Eucalyptus globulus wereraised to meet the demands for firewood in Nilgiri, 
TamilNadu.Out of 170 species, varieties and provenancesof eucalyptus were tried in India, out of which the most 
outstandingand favoured species is E. tereticornisknown as Mysore gum. 
 
Oil is extracted from seeds by a mechanical expeller. The oil content present in the seed is about 60% in the form of 
cineole content. It’s main features include fast growing nature, capable of over topping weeds, coppices well, is fire 
hardy, browse resistant and has the ability to adapt to a wide range of climatic conditions. Other species which are 
grown on plantation scale are Eucalyptus grandis, E. citriodora, E. globulus, and E. camaldulensis.  
 

Eucalyptus oil is having properties closer to diesel as compared to other oils. Properties like viscosity, 
cetane number and calorific value. It is used for non-consumption purposes and having less impact on the soil unlike 
others which contains the compounds of Nitrogenous soil.  Also, if we compare the properties of eucalyptus oil with 
other oils we find that eucalyptus oil properties are closer to diesel. That is why eucalyptus oil is chosen. 

 

1.2 Making of Blends: 

In this experiment, simple mixing with diesel is done. Diesel, eucalyptus oil and Diethyl ether are used for 
making the blends. In this report, B20, B20+5%, B20+10%, B40, B40+5%, B40+10%,B60, B60+5%, B60+10%, 
B80, B80+5%, B80+10% blends are used in performance test and emission test. B20 implies 80% diesel with 20% 
Eucalyptus oil by volume, similarly, B20+5% implies 95% of B20 and 5% of volume of Diethyl ether. 

 

1.3 Properties of Eucalyptus Oil and its Blends:  
a) Density: It is an importantproperty of biofuel.Density is equal to the mass per unit volume. Density 
measurement was carried out using a 25ml Specific gravity bottle at a temperature of 312K. 

In this method, first calculate the empty bottle weight by using the weighing machine and similarly by 
filling the bottle with eucalyptus oil and their blends. Then take the difference of two values to get the mass of 
the oil and divide the mass by volume (i.e. 25ml) to get the density. 
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b) Calorific Value: It is the measurement of the heat content in the fuel. For biofuel, it determines the 
suitability of the fuel. Calorific value is found by using the bomb calorimeter. It is a constant volume 
calorimeter and heat content is measured by the change in the internal energy which is equivalent to the change 
in temperature. 

 
c) Cetane Number: It is the indication of the combustion speed of the diesel fuel. Measurement is carried out 
by using the Ignition Quality Test. 
d) Kinematic viscosity: Viscosity is a measure of the internal fluid friction or resistance of oil to flow, which 
tends to oppose any dynamic change in the fluid motion. The lower the viscosity of the oil, the easier it is to 
pump and atomize and achieve finer droplet. 
e) Flash Point: It is the minimum temperature at which the fuel will ignite by ignition source. It is required 
for proper safety and handling of fuel. 
f) Fire Point: Minimum Temperature at which a fuel will sustain burning for 5 seconds. 
Note: For finding the flash point and fire point, Cleveland open cup test is used. It is the simple method consists 
of coil heater and test cup made up of brass.  
 

1.4 DEE and its characteristics: 

             It is an organic compound with formula (C2H5)2O. This colourless, highly volatile flammable liquid with a 
characteristic smell is mainly used as a solvent. DEE can be produced from ethanol by a dehydrating process with 
strong dehydrating agents. 
 

 

DEE can be used as a cetaneimprover.DEE has several favourable properties including very high cetane 
number, reasonable energy density for on-board storage, high oxygen content, low ignition temperature, broad 
flammability limits, and high miscibility. 

 

1.5 Engine Exhaust Emissions: 
a) Unburnt hydrocarbons 
b) Oxides of carbon 
c) Oxides of nitrogen 
d) Oxides of sulphur 
e) Particulates, soot and smoke 

The first four are common to both SI and CI engines and the last two mainly from CI engines. The main 
non-exhaust emission is the unburnthydrocarbons  from fuel tank and crankcase blowby. 

For Φ<0.8, HC emissions also increase due to poor combustion and misfire. The generation of nitrogen 
oxide emissions is a function of the combustion temperature, highest near stoichiometric conditions when 
temperatures are at a peak value. MaximumNOxemissions occur at slightly lean conditions, where the combustion 
temperature is high and there is an excess of oxygen to react with the nitrogen. 

 

Figure 1.5.1: Emission v/s Fuel-Air Equivalence Ratio 
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1.5.1 Hydrocarbon (HC): 

CI engines operate with an overall fuel lean equivalence ratio, CI engines have only about one-fifth the HC 

emissions of an SI engine. Diesel fuel has a higher molecular weight on an average as compared to gasoline blend. 

Some HC particles condense-s onto the surface of the solid carbon soot that is generated during combustion, most of 

this is burned as mixing continues and the combustion process proceeds. The HC components condensed on the 

surface of the carbon particles in addition to the solid carbon particles themselves, contribute to HC emissions of the 

engine. CI engine has a combustion efficiency of only 2% of HC fuel being emitted. CI engines also have HC 

emissions for some of the same reasons as SI engines do such as wall deposit absorption, oil film absorption, crevice 

volume. 

1.5.2 Carbon monoxide (CO) emission: 

Carbon monoxide is a colourless and odourless gas but a poisonous gas. It is generated in an engine when it 

is operated with a fuel - rich equivalence ratio. When there is not enough oxygen to convert all carbon to carbon di 

oxide , some fuel does not get burned and some carbon ends up as Carbon monoxide. Not only CO is considered an 

undesirable emission, but it is also represents lost chemical energy. 

Maximum CO is generated when an engine runs rich. Poor mixing, local rich reasons, and incomplete 

combustion will also be the source for CO emissions.  

1.5.3 Oxides of Nitrogen (NOx): 

Exhaust gases of an engine can have up to 2000 ppm of oxides of nitrogen. Released NOxreacts in the 

atmosphere to form ozone and is one of the major causes of photochemical smog. NOxis created mostly from 

nitrogen in the air. Nitrogen can also be found in the fuel blends. There are number of possible reactions that form 

NO. All the restrictions are probably occurring during the combustion process. Gases that are stable at low 

temperatures but become reactive and contribute to the formation of NOxat high temperatures include oxygen and 

water vapour. In addition to temperature, the formation of NOxdepends upon the pressure and the air- fuel ratio. 

 

Figure 1.5.2: Block Diagram illustrating the combustion process in a CI Engine 
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1.6 Factors affecting the delay period: 

1.6.1 Compression ratio: 

At the end of the compression stroke there is a increase in the compression temperature of the air with 

increase in compression ratio. Also at the minimum auto ignition temperature of a fuel decreases due to increased 

density of the compressed air. This results in a closer contact between the molecules of fuel and oxygen reducing the 

reaction time.         

 

Figure 1.5.3: Temperature v/s Compression Ratio 

 

1.6.2 Engine speed: 

The delay period could be given either in the terms of absolute time or in the terms of crank angle degree. 

Decrease in delay period in terms of crank angle degree with increase in the engine speed in a variable speed 

operation with a given fuel. In degrees of crank travel in delay period increases as the engine operates at higher rpm. 

The fuel pump is geared to the engine, and hence amount of fuel injected during the delay period depends on the 

crank degree. 

1.6.3 Output: 

With an increase in engine output the air fuel ratio decreases, operating temperature increase and hence 

delay period decreases. The rate of pressure rise is unaffected but the peak pressure reached may be high. 

1.6.4 Atomization and duration of injection: 

Higher fuel injection pressures increases the degree of atomization. The fineness of atomization reduces 

ignition delay, due to higher surface volume ratio. Smaller droplet size will have low depth of penetration due to less 

momentum of the droplet and less velocity relative to air from where it has to find oxygen after vaporization. 
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1.6.5  Injection timing: 

The effect of injection advance on the pressure variation for three injection advance timings of 9, 18, 27 

degrees before TDC. The injected quality of fuel per cycle is constant, which depends upon the beginning pressure 

and temperature of the injection. 

1.6.6 Quality of fuel: 

Self-ignition temperature is the most important property of fuel which affects the delay period. Also, fuels 

with higher cetane number give lower delay period and smoother engine operation. Other properties of the fuel 

which affect the delay period are volatility, latent heat, viscosity and surface tension. 

1.6.7  Intake pressure and temperature: 

Increase in intake temperature increases the compressed air temperature resulting in reduced delay period.  

Increase in intake pressure or supercharging reduces the auto ignition temperature and hence reduces the 

delay period. 

GRAPHS AND RESULTS 

6.1 Performance graphs: 

6.1.1 Brake thermal efficiency v/s load (kg) 

It is ratio of energy in the brake power, bp, to the input energy in appropriate units. 

ηbte=  
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Figure 6.1.1(a): Brake Thermal Efficiency Vs Load 
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 The figure 6.1.1 (a) shows the plot between the brake thermal efficiency and load in kg for a constant speed. 
 According to the BTE formula, the efficiency is inversely proportional to the CV. As the tables 5.2.1shows the 
CV increases, the brake thermal efficiency as seen in the tables 5.3.1 to 5.3.7 decreases. 
 Figure 6.1.1 (a) shows that as the value of the load increases, the BTE increases. So as we observe that the BTE 
of the blend B20 + 10% is highest in all. 
 Also observe that on addition of the eucalyptus oil, the BTE value increases and thus the blend with higher 
content of eucalyptus oil have higher value of BTE. The same trend is also followed by addition of the additive (here 
DEE) which reduces the BTE value of the blend. This is mainly attributing to the lower calorific value of the blends. 
6.1.2 Specific fuel consumption  Vs load (kg) 

 The fuel consumption characteristics of an engine are generally expressed in terms of specific fuel 
consumption in kilograms of fuel per kilowatt-hour. It is an important parameter that reflects how good the engine 
performance 

SFC = Fuel consumption per unit time/Power 
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Figure 6.1.2 (a): Specific Fuel Consumption Vs Load 

 The figure 6.1.2 (a) is plotted between specific fuel consumption and load. 
 The fuel consumption was calculated by measuring the volume flow rate and density given in the table 

5.2.1. Since the engine is running at a constant speed and we had varying values of load, which is nothing but 
same engine power depends upon the mass flow rate. 

  One can clearly observed that as the load increase the value of b.s.f.c decreases which show the inverse 
trend of the BTE v/s Load graph. 

 We also observe that as we increase the amount of eucalyptus oil in the blends the b.s.f.c decreases. This 
point is already seen evidently in the corresponding BTE graph which possesses an inverse relation to the 
calorific value. 

 The graph has the highest SFC for B20-5% blend which states that the fuel has been consumed more for the 
same amount of power output. The lowest value is for the blend B20+10% which increases the BTE of the 
system. 
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6.1.3 Exhaust gas temperature Vs load  
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Figure 6.1.3: Exhaust Gas Temperature Vs Load 

 

 The figure 6.1.3 shows the plot for exhaust gas temperature versus load. 
 The graph shows us that the EGT for the blend B20 is the highest which tells us that the fuel burns for a longer 

time and thus it has a lower content of HC but as the burning takes place for longer, the fuel keeps on burning 
even when it is out of the cylinder chamber and thus this increases the amount of exhaust gases at the end and 
this is mainly true in terms of CO emission. 

 This reduction could be attributed to the lower energy content of DEE as a result of presence of more amount of 
oxygen in its chemical structure compared to those of diesel. The higher latent of evaporation of the fuel 
decreases exhaust gas temperature due to evaporation cooling in the combustion chamber. 

6.2 Emission graphs: 
 
 

6.3.1 Carbon dioxide  Vs  load 
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Figure 6.3.1 (a): % volume Carbon dioxide Vs Load 
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 The graph above as shown in figure 6.3.1 (a) has a good characteristic curve which peaks at 12kg load and 
shows that B80-10% has always been at the top of the curve and B20+10% at the bottom.  

 The curve has a low value of CO2 at lower loads as the A/F ratio is more and there is less fuel to burn in the air, 
the other main reason is that the combustion does not take place properly at low loads due to less cylinder temps 
which lead to poor atomization and thus at lower loads the carbon present in the fuel changes to CO and not to 
CO2. 

 The values of CO2 at lower loads are lower as the air fuel ratios are higher and the fuel entering is less thus less 
CO2 and at higher loads the A/F is lower thus as the A/F are closer to stoichiometric ratio there is more soot 
formation which becomes spots for the fuel to settle on and then cool which remain unburned and come out as 
HC during the exhaust stroke. 

 The figure 6.3.1 (a) shows that the effect of addition of the eucalyptus oil and DEE has different effect on the 
formation of CO2 at different loads. But looking at the graph we can conclude the effects on the basis of average 
values which shows that the amount of CO2 reduces as the amount of eucalyptus oil increases in the blend 
which is also reciprocated in the case of addition of DEE, thereby reducing the amount of CO2 in the exhaust. 
Also, CO2 formation is dependent on carbon to hydrogen ratio of the fuels. More contents of carbon in the 
blends causes more amount of CO2 emissions in the exhaust gases. Compared to diesel fuel as carbon contents 
of other blends are relatively lower in the same volume of fuel consumed at the same engine speed, which tells 
us the reason for low CO2 formation.  
Note: The higher the value of CO2 the better it is as it indicates the combustion has taken properly 

 

6.3.2 Carbon monoxide Vs load 
 
 

 
 

Figure 6.3.2 (a): % Volume Carbon monoxide Vs Load 
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 The figure 6.3.2 (a) above shows the values of CO emission in %volume plotted against load without change in 
its RPM. 

 The curve has a normal characteristics flow as it decreases with increasing load and gets to a lowest in the 
cruising range and then increases. 

 The main reason for CO formation is the improper combustion of the fuel which is a result of low peak temp at 
lower loads and lower air fuel ratios at higher loads. 

 At lower loads the mixture is very lean which causes incomplete combustion and thus higher values of CO at 
lower loads and at higher loads the mixture has more fuel due to less A/F ratio which causes the formation of 
higher carbon spheres (soot) on to which the fuel condenses and goes out unburnt. 

 The CO2 values also follow the same trends as CO in terms of blends. 
 The value of the CO in the exhaust goes on decreasing as the value of eucalyptus increases in the blends. This is 

an attribute to the higher oxygen content of the fuel which goes on increasing as we increase the amount of 
eucalyptus in the blend. It can also be seen that the CO emission reduces as the amount of DEE increases in the 
blends having the same explanation that the amount of oxygen is higher in the blends with DEE which aids in 
the formation of CO. 

 
Note:  The more the CO the bad it is as it indicates that the combustion is not taking place properly that is 
incomplete combustion. 
 

6.3.3 Hydro carbon  Vs load 
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Figure 6.3.3 (a): ppm hex of Hydro Carbon Vs Load 

 

 The figure 6.3.3 (a) above shows the plot for HC in terms of ppm hex against the load.The curves in this graphs 
are random and do not portray a specific trend with respect to the addition of DEE.  

 As we see from the graph B20 blends have higher values of HC as 
compared to diesel and diesel being in the range of B20 blends. By addition of EuOwe see that the HC values 
are increasing which is an attribute to the higher viscosities leading to poor atomization hence resulting in 
higher HC values for B20 blends. 

 The main reason for the higher values of HC in the exhaust is the high 
viscosity of the blends which inhibits the mixing of the air and fuel which takes longer and flame quenching 
occurs as high viscosity means poor atomization and these are left unburnt. 
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6.3.4 Nitrogen oxide Vs load 
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Figure 6.3.4 (a): ppm NOXVs Load 

 The figure 6.3.4 (a) shows the perfect characteristics of the typical NOX curve which is increasing with load and 
thus the temp in the cylinder increases this produces more NOX. But the value of NOX reduces at higher loads. 

 There are eight oxides of nitrogen (N2) in the exhaust emissions. Oxides of N2 are composed of 90 vol.% nitric 
oxide (NO), 5 vol.% nitrogen dioxide (NO2), and 5 vol.% nitric oxide (N2O, N2O3, and N2O5) 

 Chemical equilibrium considerations indicate that for burned gas at typical flame temperatures, NO2/NO ratios 
should be negligibly small. The formation rate of thermal NO is primarily a function of combustion and peak 
flame temperature, the residence time of nitrogen at that temperature, and the contents of oxygen in the reaction 
regions in the combustion chamber. 

 Although higher overall cylinder temperature is an indicator of higher NO formation, it must be stated that the 
temperature distribution in the cylinder is more important, thus causing in some cases, NO to increase and in 
others to decrease. Within the engine cylinder, there is several of high temperature regions corresponded to 
oxygen contents. Meanwhile, the great reduction of the cetane number moves the whole combustion process 
forward during expansion stroke limiting the resident time of the gases at highest temperature: this allows the 
thermal NO formation rate to be limited. 

 As seen in the graph above, the highest value for NOx emission is B80-10% and lowest is for B20+10% for 
higher loads. B20+10% is a less polluting blend as compared to other blends with respect to NOx emission.   

Note: At higher loads the NOx value increases as a result of higher cylinder temperatures.The formation of NOx 
happens when the temp are high enough to break the nitrogen in the air to free radicals which are very 
reactive and form NOx with oxygen present in the air. 
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6.3.5  Oxygen Vs  load 
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Figure 6.3.5 (a): % Volume of Oxygen Vs Load 

 

 The figure 6.3.5 (a) above shows the values of O2 plotted against load for different blends of varying ratios. 
 The values of O2 in the exhaust are in direct relations with the above graph of oxides such as CO, CO2, NOX. 

The highest value of O2 is for B20+5% at lower loads and B20+10% at higher loads. The lower values of O2 in 
the graph tells us that the O2 has been used up in the combustion process , thereby giving higher values of other 
gases. So in terms of O2 content we find the B20+10% should have least performance characteristics but which 
is not the case. This is mainly due to the highest inherent O2 content of the fuel due to eucalyptus and DEE 
thereby giving better performance characteristics. 

 All oxygen values are lower than diesel, because all have higher NOx& CO2 content in exact proportions. If the 
value for CO or CO2 etc. are higher then the O2 is lower in the same proportion stating that the oxygen has been 
used up there. 

Note: The lower the content of oxygen in the exhaust emission the better is the combustion and this means that the 
A/F ration is good. 

Conclusion 

        The tests were carried on the experimental setup for the given speed of 1500 RPM and under varying load 
condition for the blends of eucalyptus oil and DEE with diesel prepared on the volume basis and given names of 
B20, B20+5%, B20+10%, B40, B40+5%, B40+10%, B60, B60+5%, B60+10%, B80, B80+5% and  B80+10%. The 
effects of addition of eucalyptus oil to diesel and addition of DEE to diesel in addition with eucalyptus oil were 
observed and plotted at different loads and the following conclusions were drawn. 

The addition of eucalyptus in diesel increases its oxygen content but reduces its calorific value. The brake thermal 
efficiency of the fuel goes on increasing as the amount of eucalyptus oil increases in the blend and at the same time 
reduces its specific fuel consumption with a decrease in the exhaust gas temperature. The emissions were also likely 
affected as the values for the CO, CO2, NOX and O2 reduced with the addition of the eucalyptus oil in the blend due 
to various factors and mechanism affecting the reasons for the obtained variations, there is an increase in the value 
of HC which is undesirable but mainly due to its high viscosity.  

The addition of DEE in diesel blended with eucalyptus oil increases its oxygen content but decreases its 
density, calorific value and viscosity. The addition of DEE has satisfactory effects on the performance 
characteristics of the fuel such as the increases in the amount of DEE increases the brake thermal efficiency of the 
fuel and thus having the reverse effect on the specific fuel consumption i.e. lowers it, the exhaust gas temperature 
also reduces. The emission curves show the same effects as that of addition of DEE oil which is reduction in CO, 
CO2, NOX and O2 and an increase in the amount of HC. 
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The test result reveal that eucalyptus oil and DEE can be used as fuel additive and the blend perform better 
as both the blending material  increase in the blends thus stating that B20+10% blend is the most suitable blend 
which can be used in place of pure diesel without making any changes in the engine system. 
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