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ABSTRACT

This paper aims at investigating the performance and emissions of a diesel engine using bio oil emulsions
obtained from Prosopis Juliflora as fuel. Emulsions of PJSO (Prosopis Juliflora Seed Qil) namely PJSO5, PJSO10,
PJSSO15 and PJSO20 were prepared by mixing respectively 5%, 10%, 15% and 20% of the PJSO with 92%, 87%,
82% and 77% of diesel by volume in the presence of 3% of a surfactant (span 80). Fuels were tested in a mono
cylinder diesel engine for their performance as fuel. Engine test results showed comparable performance for all the
emulsions of PJISO with BD (base diesel). At the maximum power output the brake thermal efficiency was found as
30.1%, 29.6%, 28.8% and 28% respectively with PJISO5, PJSO10, PJSO15 and PJSVSO20 where as it was 30.5%
with BD. There is a considerable reduction in smoke and NOx emissions with the emulsions of PJSO as compared
to BD at all power outputs. It was concluded that PJSO obtained from Prosopis Juliflora can be used upto 15% by
volume as partial replacement of diesel by making emulsions with comparable performance with diesel. To use
PJSO as soul fuel, the fuel and engine need further modifications.
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INTRODUCTION

Utilization of biomass energy as alternative fuel for compression ignition engine finds very attractive and has
greater scope especially in developing and undeveloped countries due to the fast depletion, cost and environmental
pollution from fossil fuels (Ravindranatha, 2005). Pyrolysis finds simple and very attractive process in extracting
oil from biomass (Adisak, 2012). Investigations reported that blends of pyrolysis oil obtained from pyrolysis of
biomass with diesel resulted in comparable thermal efficiency and emissions with diesel (Hossain, 2013; Mani,
2010 and Mani, 2013). Prosopis Juliflora is a tree originated from Mexico and South America. Particularly in the
southern regions of India the availability of Prosopis Juliflora seeds is very high. It finds no useful applications.
Producing bio oil from these seeds can offer production of energy from waste. This method can certainly reduce the
waste disposal. In addition, the environment can be maintained as clean. In view of this an attempt was made to
produce bio oil from Prosopis Juliflora by fast pyrolysis process and testing as fuel in diesel engine. In the first
phase of the work bio oil was produced from pyrolysis of Prosopis Juliflora seeds. Properties were studied to know
its suitability as fuel for diesel engines. Some of the properties of the bio oil can be seen in Table 1.

Table 1.Properties of Fuels

Properties Neat Diesel | Neat PJSO | PJSO5 | PJO10 | PJSO15 | PJSO20
Density (kg/m®) 840 1060 854 868 882 895
Flash Point (°C) 52 112 65 70 74 79

Fire Point (°C) 58 120 72 79 83 87
Calorific Value (MJ/kg) 44.8 22.6 43.4 41.8 39.7 38.2
Viscosity (cst) 4 8 4.7 5.2 5.7 6.1
Water Content (%) 0 27.5 14 2.8 4.1 5.6
PH Value 5.6 4.9 5.5 5.3 5.2 5

Emulsions were prepared by varying the diesel and pyro oil in different proportions to find the homogeneous
and stable emulsion. It was found that the mixture of 5%, 10%, 15% and 20% by volume of PJSO respectively with
92%, 87%, 82% and 77% by volume of diesel and 3% by volume of surfactant were found stable and homogeneous
for a long period of time (one week). Beyond 20%, separation was noticed and hence the quantity of PJSO used
was limited up to 20%. Experiments were performed on a single cylinder diesel engine using the emulsions
(PJSO5, PJSO 10, PJSO15 and PJSO20) of 5%, 10%, 15% and 20% by volume of PJSO to study the performance,
emission and combustion behavior of the engine. Results were compared with conventional diesel (BD) and
analyzed.

EXPERIMENTAL SETUP AND EXPERIMENTS CONDUCTED
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Experimental setup and experiments conducted: A mono cylinder (KIRLOSKAR-AV1), 4-Stroke, water-
cooled, direct injection (bowl in piston) diesel engine developing a power output of 3.7 kW at 1500 rpm was used.
An eddy current dynamometer (BENZ SYSTEMS) was used for loading the engine. The test engine setup can be
seen in Fig.1. The fuel flow rate was measured on the volumetric basis using a burette and stop watch. An infrared
AVL 5 gas exhaust analyzer was used for measuring HC, CO and NO in the exhaust. Black carbon smoke levels
were measured by using a standard AVL smoke meter. Tests were conducted for 4 different loads such as 25%,
50%, 75% and 100% of the maximum power output with the fixed engine speed of 1500 rpm. All the tests were
carried out with the injection timing of 27° before TDC (optimized static timing) for all the tested fuels. The engine
was thermally stabilized before taking all measurements. Readings for engine speed, fuel flow, air flow, were
recorded for obtaining performance parameters. Exhaust gas analyzers were calibrated before making
measurements. Observations were made for smoke, NO, HC and CO to analyze the emission characteristics.

RESULT AND DISCUSSION

The results of BTE (brake thermal efficiency) at different power outputs for BD and the emulsions of PJSO
are indicated in Fig.2. With increase in engine power output there is a rise in BTE for all the fuels. It is seen that
PJSOS5 resulted in BTE in similar fashion as BD operation at all operating conditions. The maximum BTE was
found as 30.5% with BD and 30.1%, 29.6%, 28.8% and 28% respectively with PJSO5, PJSO10, PJSO15 and
PJS0O20 at the maximum power output of 3.7kW. The reduction in BTE with the emulsions of PJSO is mainly due
to the rise in SFC as a result of high viscosity, density and lower heating value of the PJISO. The lower energy
content of pyro oil resulted in more fuel to be consumed for the specific power and resulted in inferior thermal
efficiency (Murugan et al. 2008). PJSO5 showed the BTE very close to diesel at all power outputs due to the lower
SFC as compared to other emulsions such as PJSO10, PJSO15 and PJSO20.
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The smoke emission resulted from burning of BD and the emulsions of PJSO is indicated in Fig.3. Smoke
level increased with increase in engine power. In diesel engines the smoke emission is due to the increase in
amount of fuel injected with increase in engine power. It is interesting to see that the smoke emission was found as
lower for all the emulsions of PJSO (except PJSO20) at all power outputs as compared to BD operation. The
maximum smoke emission was found as 38% with PJSO5, 30% with PJSO10, 26% with PJSO15 and 28% with
PJS0O20 where as it was 44% with BD at the power output of 3.7kW. In diesel engines smoke is formed due to poor
atomization of the injected fuel which causes formation of large droplets during injection. Large droplets,
insufficient time and lack of oxygen results in solid black carbon particles in diesel engines. The reduction in
smoke emission with the emulsions of PJSO can be explained by the presence of water in the fuel. The water
droplet present in the emulsions leads to violent explosion due to heating which resulted in secondary atomization
of the droplet and resulted in reduced smoke emission (Yang, 2014 and Kadota, 2002). PJSO15 showed significant
reduction in smoke as compared to other emulsions at all power outputs.

Fig.1 Engine Setup

The NOx (oxides of nitrogen) of the engine fuelled with BD and different emulsions of PJSO is presented in
the Fig.4. Emulsions of PJSO resulted in considerable reduction in NOx emissions as compared to BD. PJSO20
resulted in lowest NOx emission of all fuels at all power outputs. At the maximum power output of 3.7kW the NOx
emission was found as 503 ppm, 457 ppm, 430 ppm and 405 ppm respectively with PJISO5, PJSO10, PJSO15 and
PJSO20 whereas it was 530 ppm with BD. The reduction in NOx emission with the emulsified fuels is due to the
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lower air to fuel ratio of the charge for the given engine power output. It can be seen from the Fig.2 that for the
same power output of the engine emulsions of PJSO resulted in more fuel to be supplied to maintain the power due
to their lower energy content. The presence of water in the fuel also helped in reducing the peak cycle temperature
and hence the NOx at all power outputs (Senthil Kumar, 2010). PIJSO20 showed more reduction in NOx than other
fuels at all power outputs.
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The variation of hydrocarbon emission with brake power for PJSO5, PJSO10, PJSO15 and PJSO20 is shown
in the Fig.5. It is seen that all the tested fuels resulted in higher hydrocarbon emissions at all operating conditions as
compared to BD operation. At the maximum power output, the HC (hydrocarbon) emission was found as 96 ppm,
110 ppm, 130 ppm and 155 ppm respectively with PJSO5, PJSO10, PJSO15 and PJSO20. It was noted as 86 ppm
with BD. The main reason for the HC emissions with the emulsions of PJSO is due to the high latent heat of
vaporization of water presented in the fuel which resulted in flame quenching to take place at the combustion
chamber walls.

Figure 6 indicates the results of CO (carbon monoxide) emissions with PJSO5, PJSO10, PJSO15, PJSO20
and BD at different power outputs. The emulsion of PJSO resulted in higher CO emissions as compared to BD at
all power outputs. The maximum CO emission was found as 1%, 1.2%, 1.3% and 1.6% respectively for PJSO5,
PJSO10, PJSO15 and PJSO20 at the maximum power output of 3.7kW. It was noted as 0.8% with BD. The CO
emission in diesel engine is due to the fuel richness which results in partial oxidization of carbon atoms in the fuel.
It is already explained that the emulsions of PJSO due to their poor energy content resulted in fuel richness which
has lead to incomplete combustion of the fuel. It is seen that PJSO15 emitted highest CO emissions among all
fuels.
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CONCLUSIONS

Engine test with the emulsions of PJSO (i.e. PJSO5, PJSO10, PJSO15 and PJSO20) showed comparable
performance with diesel at all power outputs. All the tested fuels resulted in significant reduction in smoke and
NOx emissions. However, HC and CO emissions were found to higher as compared to BD. It is concluded that bio
oil obtained from pyrolysis of Prosopis Juliflora seeds can be used as a partial substitute for diesel by making
emulsions with diesel. For comparable performance and emissions PJSO10 can be preferred among the four
emulsions. To use PJSO as soul fuel, the fuel and engine need further modifications.
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