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Jatropba 0il was identified as a leading candidate for an alternative fuel among various
non-edible vegetable oil. However, it was revealed that the combustion of Jatropha oil
in diesel engine resulted in higher particulate, CO, and HC. Additionally, some
operational problems such as injector coking, severe engine deposits, gum formation,
and oil thickening were reported in long term test. This is resulted from the high
viscosity, poor volatility, large molecular weight and bulky molecular structure of the
fuel. Therefore, the combustion of Jatropha should be improved by investigation some
methods.

In this study, diesel engines fueled with Jatropha based fuel were studied with double
injections, or Jatropha water emulsion with double injection, or Jatrophd hydrogen
peroxide emulsion. The experiments were conducted on high-speed, four-stroke, direct
injection diesel engines. To study effect of double injections, a common rail fuel system
diesel engine modified from mechanical fuel system were used. For the Jatropha
hydrogen peroxide emulsion fuel, I used a mechanical fuel system diesel engine. The
modified common rail diesel engine, however, remains mechanical injector that injects
fuel into the combustion chamber. The contents of the dissertation are included:
Chapter 1, I present the consideration of environmental issues including greenhouse
gases emission and global climate change; some common air pollutants; global fuel
production and consumption; Fuel pricing trend. Besides this, the fundamentals of
diesel engine emissions are also introduced for briefly understanding. Furthermore,
research backgrounds including information of Jatropha oil in general and literature
review are given. ’

Chapter 2 includes research objective, theoretical considerations and infrastructure of
the research. In the research objective I present briefly the purpose-of each sub-study.
Then, the method of calculation some parameters is described in theoretical
considerations. Finally, the information of apparatus and devices using to conduct the
experiments are presented in the last section.

In chapter 3, I presented the combustion, performance and emissions characteristics of
diesel-engine fueled with neat Jatropha oil with double injections. In this chapter, the
timings of double injections in term of main-injection and after-injection were varied to
verify the optimum timings of the engine fueled with neat Jatropha oil. After finding the
optimum timing for double injections, I changed the injection quantity the
after-injection of double injections to test the engine. The results are briefly summarized

as follows.
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1. Effect of double injection timings

i. Retarded double timings significantly reduced the peaks of combustion pressure,

peaks of HRR, and shifted the combustion to the later phase. Late double timings
increased HRR at the later combustion stage.

ii. There was slight reduction of ID for retarded double timings at low load; ID
increased slightly at 6.0 kW due to imperfect gas exchange. Optimum double injection
timings for BTE were between m-11,a+1.5 and m-13,a-0.5.

iii. Emissions of CO;, CO, HC, Smoke and dust were lower at timings between
m-11,a+1.5 and m-13,a-0.5. Late double timings significantly reduced emissions of
NOx. '

Overall, the optimum injection timings for combustion, performance, and emissions
were between m-11,a+1.5-and m-13,a-0.5.

2. Effect of amount of after-injection
Timing of m-11,a+1.5 was tested with small and large amounts of after-injection. We
found a considerably influence to the combustion, performance and emissions.

i. Peaks of cylinder pressure and HRR. were remarkably reduced with m-11,a+1.5-L
at 3.0 and 4.5 kW. Otherwise, they were comparable at 6.0 kW with a minor reduction
of peak HRR with m-11,a+1.5-L.

ii. When compared with m-11,a+1.5-S, the injection pattern of m-11,a+1.5-L reduced
BTE especially at higher engine loads.

i. For m-11,a+1.5-S, reduction of emissions of CO,, -CO, smoke and dust

concentration was observed, while it increased emissions of NOx, and HC.
In chapter 4, 1 used the Jatropha water emulsion fuel and double injections to
investigate the combustion, performance, and emissions characteristics of diesel engine.
Jatropha water emulsion was created by mixing 10% of water with Jatropha. The engine
was fed with LO, and JO with single injection at the injection timing set by the engine
Maker of -17 deg. CA. ATDC for baseline data. To investigate the effect of injection
pattern and the JWE, the first injection was kept at -23 deg. CA ATDC and the second
injection was set at 0, +3, +6 deg. ATDC for double injectidn mode. After a preliminary
investigation for the lowest smoke opacity, the optimum timing of second injection was
chosen to conduct experiments for measurement of dust, soluble and in-soluble organic
fraction with different injection quantities in the second injection (hereafter called small
and large). The main results are summarized as follows:
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1- Large amount of fuel in the second injection in injection patterns such as JWE-23/0
and JWE-23/+3-large dramatically reduced the peaks of in-cylinder pressure; suddenly
reduced the peak of HRR; and increased significantly the ignition delay, combustion
duration, and shifted the combustion center toward the later stage. For small amount of
fuel in the second injection such as JWE-23/+3-small and JWE-23/+6, the peaks of the
in-cylinder pressures were higher, while, other parameters had the same tendency with
lower intensity when compared with those of the LO.

2- Large amount of fuel in the second injection dramatically reduced the in-cylinder
temperatures, increased the exhaust gas temperatures, and lowered the BTE in
comparison with those of the JO. The opposite occurred when small second injection
amount was used as in JWE-23/4+3-small and JWE-23/4+6. We also found that when
using the JWE-23/+3-small the BTE was higher than that of the JO.

3- The emulsion fuel and double injection increased CO,, CO, and HC emissions
when compared with those of the LO. However, in compatison with those of the JO, the
large second injection quantity such as the JTWE-23/+3-large reduced the HC emissions.
NOx emissions were related to the combustion characteristics of the engine with
different injection patterns. The emulsion fuel, and double injection patterns reduced
NOx emissions when compared with those of the LO. Large second injection amount
such as the JWE-23/0 and JWE-23/+3-large significantly reduced the NOx emissions.

4- In three timing tests, the JWE-26/+3 reduced smoke opacity when using JWE and

double injection. The ISF was the main element, while the SOF was a minor element of
the dust. Large second injection amount increased the ISF and dust concentration much
more than a small second injection amount.
In chapter 5, combustion, performance, and emisions of a direct injection diesel engine
fueled with Jatropha hydrogen peroxide emulsion was investigated. To make this
investigation, a diesel engine with mechanical fuel injection system was used to supply
Jatropha hydrogen peroxide emulsion to the combustion chamber of the engine.
Hydrogen peroxide in a solution of water at a concentration of 30% was used for
making the emulsions. Mixtures of Jatropha oil with solutions of hydrogen peroxide
were created according to the Jatropha oil mass with mixing ratios of 5%, 10% and 15%
(hereafter so-called JHE5%, JHE10%, and JHE15%). The experimental results are
featured following:
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1- The engine has operated experimentally on the Jatropha hydrogen peroxide
emulsion up to the 15% mixing ratio. The combustion of the emulsified fuels shifted to
the earlier stage and extended to the later stage. The peak of the heat release rate was
reduced with emulsified fuels and there was a large magnitude of oscillation in the heat
release rate in the diffusion combustion phase. The heat release rate in the late
combustion stage for the emulsified fuels was higher than those of the Jatropha oil and
light oil, and the cumulative heat release for the emulsified firel was also higher.

2~ In-cylinder and exhaust gas temperatures were higher especially for the JHE5% and
JHE15% as compared to those of the Jatropha and light oil. The JHE15% improved
break thermal efficiency of the engine in most cases as compared to other emulsion
fuels and Jatropha oil.

3- The JHE5% and JHE15% reduced CO; and NOx emissions, while, they also
reduced CO emissions at low and medium loads. The emulsion fuels increased HC
emissions. At medium and high power conditions, dust and ISF concentration were
significantly reduced by the emulsion fuel, especially for the JHE10% and JHE15%.
Overall, this study found that the optimum mixing ratio of hydrogen peroxide to
improve combustion, performance and emissions in diesel engine was 15%.

Chapter 6, conclusions of the study include the summary of the study results. It
contains the main method, procedures, and results of each sub-study in each chapter.
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