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ABSTRACT

Nowadays, emission norms are very stringent due to global warming and pollution all over world, in order to reduce these
emissions the current research is going on in alternative fuel. In this way the study of fuel spray characteristics is a vital one, which
influences the emission, combustion and mixture formation. The spray characteristics of fuel primarily depend on fuel injection process,
fuel density, viscosity, ambient pressure and temperature. The main aim of the work is to study spray duration and injection pressure at
ambient conditions for Jatropa Oil Methyl Ester (JOME) and Karanja Oil Methyl Ester (KOME) fuelled in a spray chamber under non
evaporating condition. The Macroscopic spray characteristics, such us spray tip penetration, spray cone angle, spray width, shape factor
and spray area were found by Image processing technique (proanalyst software). It was observed that increasing spray duration would
improve the spray tip penetration and spray area, due to this reason a decrease in spray width, spray cone angle and shape factor for
JOME and KOME were observed when compared to diesel. The effect of fuel properties on near nozzle morphology was calculated.
The spray formation was prolonging and narrower spray plume cone angle, width is observed for JOME and KOME as compared to
diesel showing slower breakup length. This work also investigates spray atomization and penetration of different fuels with diesel.
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INTRODUCTION

In the current situation, Petroleum based fuels are being replaced by alternative fuel because of their uniqueness, especially
JOME, KOME and Rape seed methyl ester. In favor of, to meet the emission norms and reducing the fuel consumption and several
experiment have been done on spray characteristics, combustion and emission in Direct Injection (DI) Diesel engines [1, 2 and 3]. Many
research paper have been studied and report the various effect of macroscopic spray character such as spray penetration, spray cone
angle, spray area, spray width and shape factor. Imminent study of fuel spray of bio-diesel in Compression Ignition (CI) engines aims
to lower the Unburnt Hydrocarbon (UHC), oxides of Nitrogen (Noyx) and particulate Matter (PM) and enhance the overall efficiency in
terms of complete combustion. The spray properties of biodiesel were increased with increasing the Injection duration and also with
decrease in injection pressure will increase in spray tip penetration while the cone angle decrease (Chao, 2008). To prolonging injection
along with injection duration were necessary to pay off the low calorific value and also reduction in radiation due to biodiesel soot
source to increase in NOx (Chao, 2008). The diesel engine combustion process is directly influenced by spray characteristics. In many
research paper convey their spray characteristics studies on bio-diesel and comparison of spray character for rapeseed oil, soya bean
oil, palm-oil, waste cooking oil and diesel. Very limited literature is available on detailed experimental study of various injection
duration such us JOME, KOME and diesel. The main focus of the paper to experimental investigation of fuel spray character of bio-
diesel and diesel along with various injection duration under ambient pressure and temperature condition for non-evaporating spray.
EXPERIMENTAL SETUP

The experimental setup was shown in fig. 1. The setup consists of a spray chamber (100mmx120mmx5mm), fuel injection
system, high speed video camera IL3-100L, Fastec imaging and data acquisition system. In this experiment, the spray characteristic
was observed from a constant volume chamber along with fuel injection system and highly illuminated light source. The spray chamber
made up of quartz crystal. The fuel injection system having electric motor (0.25hp), fuel pump (Jerk type) and fuel injector. A high
speed video camera name viz, Fastec Motion to capture the image and it will be further processed and analyzed by using (ProAnalyst
software). In this work, the starting of injection pressure was studied at 2 different conditions at 180 and 200 bar. The image acquiring
time from camera is 2.3ms to 2.7ms. The total image capturing time is 3.5sec and frame rate of 1250fps with resolution of 800x600.
The Mie scattering technique is applied, one end camera and other end is light source. A 1000W halogen lamp is used to illumine for
clear and visible images. Tablel.shown the properties of tested fuels.
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Figure 1. Schematic diagram of experimental setup
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Table 1.Properties of Diesel and Biodiesel
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Property | Density,(Kg/m®) | CV,(KJ/Kg) | Viscosity,(cst) | Cloud Point(°C) | Flash Point °C) | Pour Point (°C)
Diesel 850 44000 2.87 6.5 3.1 76
JOME 873 42073 4.23 10.2 4.2 148
KOME 883 42133 4.37 14.6 5.1 163

RESULTS AND DISCUSSION

The aim of the present study to investigate the spray characteristics of test fuel by varying injection duration and different
injection pressure. Fuel having high viscosity having higher spray tip penetration length and spray area such us KOME, JOME and
diesel, while decreasing in the spray width, spray plume cone angle as well as shape factor. However fuel injection starts, droplet
distribution and liquid breakup length are small depends on the density of fuel. Fuel having high density and spray atomization and
higher spray tip penetration are because of fuel high inter molecular molecule. The image acquiring time is 2.3ms to 2.7ms from the
camera. Figure 2 and 3 shows the sequence of spray image at 180 and 200 bar injection pressure.

Figure.2.Sequence of spray images for Diesel, JOME and KOME for various injection duration.

Figure.3.Sequence of spray images for Diesel, JOME and KOME for various injection duration.
Spray tip penetration: Spray tip penetration is the maximum penetration length extended from the spray tip after the starts of injection.
The spray tip penetration increased with increasing in injection duration was shown in figure.4. The spray tip penetration of diesel was

lower compare to JOME and KOME due to viscosity and density.
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Figure.4. Effect of spray tip penetration for Diesel, JOME, and KOME at 180 and 200 Injection pressure.
Spray cone angle: The spray cone angle is defined as the largest angle formed by two straight lines from the nozzle tip to the spray
boundary. While increase in injection duration will increase the spray evaporation, so that decrease in spray cone angle compared to
diesel, JOME and KOME because of viscosity and density of fuel was shown in figure .5.
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Figure.5. Effect of spray cone angle for Diesel, JOME, and KOME at 180 and 200 Injection pressure
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Spray width: Spray width is defined as two points equally spaced about the nozzle centerline that are moved until they contact the
edges of the spray. There was rise in increase spray width for diesel compare with JOME and KOME due to high density and low
viscosity of diesel and also high cloud and pour point was shown in Figure .6.
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Figure 6. Effect of spray width for Diesel, JOME, and KOME at 180 and 200 Injection pressure
Spray shape factor: The spray shape factor is defined as inverse of maximum spray width to spray tip penetration length, there was
also some evidence the decrease in spray shape factor after the start of injection due to decrease in spray width and increase in spray
length was shown in figure .7.
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Figure.7.Effect of spray shape factor for Diesel, JOME, and KOME at 180 and 200 Injection pressure
Spray Area: The spray area is the area covered by the fuel spray in a constant volume chamber at a given injection pressure. It was
shown in figure.8, which droplet dispersion increases for JOME and KOME compared with diesel due to volatility and kinematic

viscosity.
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Figure 8.Effect of spray area for Diesel, JOME, and KOME at 180 and 200 Injection pressure

CONCLUSION

The spray characteristics of biodiesel (JOME and KOME) and diesel of constant volume chamber under injection duration and
injection pressure was performed by using optical technique. The spay tip penetration and spray area for biodiesel are increasing due to
high viscosity, density and volatility. The spray cone angle and spray width are decreases because of increasing in injection pressure.
The effect of injection pressure on spray tip penetration suggests that increasing the injection pressure of tested fuels is necessary to
ensure maximum air contact with fuel is achieved. The shape factor is decreasing due to increasing in spray tip penetration and
decreasing in spray width.
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