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ABSTRACT

Petroleum based fuels are mostly used because of the better fuel economy. But due to the rapid demand of fossil fuels and
increasing emissions, it is necessary to replace fossil fuels by vegetable oils. The Spray characteristics of fuels play an important role
in combustion performance. Small size of droplet and large spread area of fuel sprays are considered as important to increase the
atomization ability and also to improve combustion efficiency. Spray characteristics of Diesel and Bio-diesel differs because their
properties depends mainly on the viscosity and the density. So, it's necessary to study the spray tip penetration(S) and spray cone angle
(©) of pure diesel, pure Jatropha oil methyl ester(JOME), and its blends, under various chamber pressures (1, 2, 3, 4 and 5 bar) in a
constant volume chamber maintaining 200 bar injection pressure. Spray images are obtained from NIKON camera with resolution 1920
x 1080 and with 18 Mega Pixels and light source used is 1000W halogen lamp, to increase the chamber pressure single stage compressor
is used. The image are captured and measured by using IMAGEJ software. The results of pure diesel and biodiesel shows increase in
cone angle and decrease in spray penetration when chamber pressure increases. The measured values thus obtained are helpful to know
how diesel and bio-diesel efficiency differs.
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INTRODUCTION

Internal combustion engines mostly prefer petroleum based fuel for heavy duty applications. According to that diesel fuels
plays important role in transportation because of high efficiency. But rapid depletion of fossil fuels and emission regulations, alternate
fuels has been used. In liquid fuels, biodiesel has replaced the place of diesel. But there spray characteristics and fuel atomization were
differs from diesel. So, it is necessary to study the spray characteristics of biodiesel. In developing countries biodiesel plays a major in
their energy requirements. Jatropha oil is a type of biodiesel. Jatropha oil is efficient fuel and can give high brake thermal efficiency
and low emission compared to diesel fuel. The advantage of these fuels is renewable in nature and can give lower emission to
environment compared to diesel fuel.
Experimental setup: The experimental setup shown in figure.1, setup includes air compressor, pressure gauge, constant volume spray
chamber, camera, fuel injection system with cam operated pump and motor. Constant volume chamber can withstand 8bar pressure.
The chamber contains two optical windows with opposite to each other. Drain valve is connected in end of chamber as show in figure
1. When fuel accumulates in pressure chamber, drain valve is to remove the fuel. Pressure gauge and fuel injector are placed in top of
chamber. Air inlet is connected to chamber for maintaining required pressure from compressor. Two quartz glasses are placed opposite
to each other in respective windows. Fuel pump and motor are connected to the fuel injector.
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Figure.1.Experimental setup Constant volume chamber

Table.l. Properties of fuels

Properties of Density Viscosity (x 10-%m?/s at Flash point Fire point Cetane Calorific value
fuel (kg/m3) 40°C) (°C) (°C) number (MJ/kg)
Diesel 861 3.4 56 63 51 42.96
JOME 875 4.84 174 180 46-70 39.071
Table.2.Experimental conditions
Injection pressure 200bar (constant).
Test fuels Diesel, Jatropha oil methy! ester.
Chamber temperature 306 K (constant).
Chamber pressure 1bar-5bar.
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RESULTS AND DISCUSSION

The test fuels used for the investigations are diesel and pure JOME and its blends, and its properties are shown in table 1. The
density and viscosity are the most important property which affects the spray characteristics of fuel. Images are captured in camera for
diesel and JOME and its blends. The ProAlalyst software was used for analyze the spray structure for varying the chamber pressure and
the spray cone angle and spray tip penetration are calculated by this software. Figure 2, 3 and 4 shows the sequence of image for 1 to 5
bar for Diesel and Bio-diesel (JB100 and JB20)

l

Figure 2 Spray images of tested fuel for Diesel of various chamber pressure

Figure 3 Spray images of tested fuel for JOME (B100) of various chamber pressure

Figure 4 Spray images of tested fuel for JOME (B100) of various chamber pressure
Spray tip penetration: Maximum length obtained by the spray is called spray tip penetration, Fig. 5 show the spray tip penetration for
diesel, JOME and its blend. It evident that decreased in spray tip penetration with increase in chamber pressure because of density and
viscosity of biodiesel higher than diesel.

21

17
16
1 2 4 5

1 2 3 4 5 15 L
Chamber pressure (bar)

120+

1101

Spray tip pentration (mm)
3 3 8
Spray cone angle (Degree)

Chamber Pressure (bar)

Figure 5. Variation of spray tip penetration for Figure 6. Variation of spray cone angle for biodiesel
biodiesel (Diesel, JOME, and JB20) by varying (Diesel, JOME and JB20) by varying chamber pressure
chamber pressure (1 to 5 bar). (1 to 5 bar).

Spray cone angle: Spray cone angle is calculated by drawing two tangents along the surface of spray from the tip, Fig. 6 shows the
spray cone angle increases with increasing in the chamber pressure due to viscosity of diesel is lower than JOME and its blend (JB20).
CONCLUSION

The experiments were carried out in a spray chamber for biodiesel and its blend such as JOME and JB20 by varying chamber
pressure from 1 to 5 bar. The spray characteristics such as spray tip penetration and spray cone angle were measured under non
evaporating conditions by using camera. The Density and viscosity of diesel is lower than JOME and its blends so the spray cone angle
increases and spray tip penetration decreases with increases in chamber pressure. Therefore using of biodiesel blend, can obtain high
efficiency than diesel.
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