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ABSTRACT

Experimental tests have been carried out to evaluate the performance, emission and combustion
characteristics of diesel engine using Thumba oil methyl ester and blends with diesel. The blends were prepared on
volume basis, in the proportion of 20%, 40%, 60%, 80% Thumba oil methyl ester with diesel. The reduction in
NOx, hydrocarbons and carbon monoxide emissions were observed Thumba oil methyl ester and its diesel blends
along with increased smoke emissions compared to those of diesel. The properties of Thumba oil methyl ester like
viscosity, volatility and the boiling point are higher than diesel. However the low cetane number of Thumba oil
methyl ester prevented the use of 100% replacement of diesel. There was an increase in brake thermal efficiency
for all the blends as the load increases. The 40% Thumba oil methyl ester and 60% diesel blend showed a 2%
increase in brake thermal efficiency when compared to that of diesel.
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INTRODUCTION

Biodiesel has received much attention in the past decade due to its ability to replace fossil fuels, which are
likely to run out within a century. Especially, the environmental issues concerned with the exhaust gases emission
by the usage of fossil fuels also encourage the usage of biodiesel, which has proved to be ecofriendly far more than
fossil fuels. Biodiesel is known as a carbon neutral fuel because the carbon present in the exhaust was originally
fixed from the atmosphere. Biodiesel (liquid fuel) is nontoxic, renewable, and biodegradable, and is the most
promising alternative energy for diesel engines. Biodiesel is produced by a trans-esterification process with
renewable agricultural resources like vegetable oils, animal fats and waste oils.

The principal advantages of biodiesel are that it reduces or suppresses the formation of sulfur dioxide
(S02), CO, HC and PM emissions during the combustion process due to its low sulfur, low aromatic, and the
presence of oxygen-containing compounds. In addition, biodiesel hasgood ignition ability in engine due to its
relatively high cetane number compared to that of conventional diesel fuel. The methyl ester produced by
transesterification of vegetable oil has a high cetane number, low viscosity and improved heating value compared
to those of Neat vegetable oil which results in shorter ignition delay and longer combustion duration and hence low
particulate emissions. Its use results in the minimization of carbon deposits on injector nozzles. Bio-diesel has been
used in blends with hydrocarbon based diesel fuels. Several studies have shown that diesel-biodiesel blends reduce
smoke emission, particulates, unburned hydrocarbons, carbon dioxide and carbon monoxide emissions with a slight
increase in oxides of nitrogen emissions. In present study the bio-diesel derived from thumba seed oil has been
used. Five blends (B20, B40, B60, B80 and B100) were prepared and its performance were compared with diesel

MATERIALS AND METHODS.

Biodiesel production: Thumba seed oil is one which found in western Rajasthan (India) and it is very familiar to
use in soap manufacturing industries. The Thumba is also a wild plant and does not produce any harmful effect like
jatropha seed if it consumed by animal or human being.

The formation of methyl esters by transesterification method required 17% of methanol by volume and 1%
of KOH by weight. In the transesterification method, the raw oil was first filtered and then heated to a temperature
of 110°C for the removal of water content and then fed to the base catalyst esterification process. The potassium
hydroxide (KOH) and methanol solution was prepared in order to maintain the molar ratio of 6:1. The prepared
methanolic solution was added to preprocessed oil in a reaction flask with continuous stirring by a magnetic stirrer.
The mixture was kept for one hour at 70°C then left settling for 24 hours, to form the two distinct layers. The upper
layer was the biodiesel and the bottom layer was glycerin. The upper layer of ester was separated out. The
separated ester was washed with warm water (around 10% volume of ester) to remove the catalyst present in the
ester and then the washed biodiesel was heated to 110°C for removal of moisture. By this process, biodiesel of
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thumba oil yield was 92%. The properties of prepared biodiesel fuels were tested in our research laboratory to

determine the fuel properties and the results are shown in table-1.
Table-1Fuel properties of diesel, thumba oil and methyl ester of thumba oil.

Properties Diesel Thumba oil TOME
Density (kg/m3) 850 930 880
Specific gravity 0.835 0.905 0.889
Viscosity@40°C 275 3152 5.86

(cSt)
Calorific Value
(kirkg) 42250 39780 39370
Flash point (°C) 66 112 91
Fire point("C) 63 122 110
Cetane Number 47 45 53

Experimental Setup
Table 2: Engine Specification

Make Kirloskar oil engines limited
General Details | Four stroke compression ignition, constant speed, vertical, water cooled and direct injection
No. of Cylinder One
Bore 87.5 mm
Stroke 110 mm
Compression ratio 175:1
Rated speed 1800 rpm
Rated output 5.2 kW at 1800 rpm
Injection pressure 210 bar

Experimental Setup

The engine was coupled with an eddy current dynamometer with load cell to apply different engine loads.
Chromel Alumel (K-Type) thermo couples were used to measure the temperature at inlet and outlet ducts as well as
cylinder wall temperatures. The fuel flow was measured by the use of a 50 cc graduated burette and stop watch.
The engine speed was measured by in house designed magnetic pick-up sensor connected to a frequency meter.
The smoke intensity was measure by AVL 437 smoke meter. Nitrous oxides (NOx), carbon monoxide (CO), Hydro
carbon (HC) and Carbon dioxide (CO2) were measured by AVL 444 Di gas analyzers. The Uncertainty of the
measured parameters of each device is given in the table-3. The fuel injection pressure was maintained at 210 bar
throughout the experiment. Then the fuel consumption, Exhaust gas temperature and exhaust emission such as
NOx, CO, HC, CO2 and smoke were measured and recorded for different loads. All the mentioned parameters

JCHPS Special Issue 7: 2015 NCRTDSGT 2015 Page 302



National Conference On Recent Trends And Developments In Sustainable Green

Technologies

Journal of Chemical and Pharmaceutical Sciences = www.jchps.com ISSN: 0974-2115
were measured for conventional diesel fuel (D) and Thumba oil Methyl ester blends with diesel in volume % of
B20,B40,B60,B80,B100 an engine. The Engine was first started by manual cranking with diesel as fuel and it was
allowed to reach its steady state condition by running the engine for about 30 min in idling condition. Tests were
performed on the diesel engine fuelled with diesel and Thumba oil methyl ester blends and the results were
compared. During each load condition engine was allowed to run for at least 10 minutes and three readings were
taken at each point to minimize uncertainty in measurement. Uncertainty of each measured parameters as shown in
table-3.

Table 3: Uncertainty of each measured parameters:

Quantity Range Accuracy | Uncertainty
NOX 0-5000 ppm | £10 ppm | £0.2
HC 0-20000 ppm | £1 ppm | £0.2
(6{0) 0-10 vol.% 0.01% 0.3
AVL smoke meter 0-100% +0.2% +0.1
Thermocouple 0-1000 °C +1°C 0.2
Speed measuring unit | 0-5000 rpm | £10 rpm | £0.5

RESULTS AND DISCUSSIONS

Significant engine performance parameters such as Brake Specific Energy Consumption (BSEC) and Brake

Thermal efficiency for Thumba oil methyl ester—diesel blends were calculated. Figure-2 shows the variation of
BSEC of various Thumba oil methyl ester—diesel blends with respect to load. Brake specific fuel consumption is a
measure of volumetric fuel consumption for any particulate fuel.
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Figure-3 show the variation of brake thermal
efficiency of various Thumba oil methyl ester— diesel
blends with respect to load.

Figure-2: Variation of BSEC of various Thumba
oil Methyl ester— diesel blends with respect to load.

The BSEC of the blend decreases with the increase of load. BSEC of diesel is high compared with various Thumba
oil methyl ester— diesel blends. This is due to the high calorific value of diesel.

Figure-3 show the variation of brake thermal efficiency of variousThumba oil methyl ester— diesel blends
with respect to load. Brake thermal efficiency increases with the increase in load. Brake thermal efficiency
decreases with the increase in the concentration of the Thumba oil inThumba oil methyl ester — diesel blends. This
may be due to decrease in the calorific value of the blends. Diesel has lower brake thermal efficiency compared
with the Thumba oil methyl ester — diesel blends, as diesel has high calorific value than Thumba oil methyl ester.

LOAD VS HYDRO CARBONS (PPM)

LOAD VS NO, (PPM)

60

««««««

NG, (PP

HYDRO CARBONS (PPM)

DIESEL

Figure-5 Variation of various loads with hydro
carbons for various Thumba oil methyl ester -
diesel blends.

Figure-4 Variation of NOx emissions with load of
various Thumba oil methyl ester— diesel blends
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Figure-5 shows the variation of NOy emissions with various loads of various Thumba oil methyl ester—
diesel blends. NOx emissions increase with increase in diesel proportion in blend. Pure Thumba oil methyl ester
emits less NOx emissions at higher load than lower load compared with diesel. This may be due to lower premixed
combustion and the combustion temperature.

Figure-7 shows the variation of hydro carbon emission with load for various Thumba oil methyl ester-
diesel blends. Diesel emits lesser hydrocarbon emission when compared with various blends. Hydrocarbon
emissions are low at lower loads and increases when load increases. Hydrocarbon emissions of B40 are almost
equal to diesel. Hydro carbon emissions are formed due to incomplete combustion.
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Figure-6: Variation of various loads with carbon monoxide emissions for various Thumba oil methyl ester -
diesel blends.

Figure-8 shows variation of various loads with carbon monoxide emissions for various Thumba oil methyl
ester - diesel blends. Carbon monoxide emissions of various blends are low at lower load and increases gradually as
the load increases. Diesel emits less carbon monoxide emissions compared with other blends. Amount of carbon
monoxide emitted is almost same at lower loads for various Thumba oil methyl ester - diesel blends.

CONCLUSION

From the experimental investigation on the use of Thumba oil methyl ester blends with diesel, in a single
cylinder diesel engine, the following conclusions have been made. The single cylinder requires no modification in
hard ware. Break thermal efficiency of Thumba oil methyl ester — diesel blend is higher than the diesel and the fuel
consumption is also higher for Thumba oil methyl ester, the emissions are similar to that of diesel. These emissions
can be reduced by using emission control equipment. A practical conclusion can be drawn that all tested fuel blends
can be used safely without any modification in the engine. On the whole it is concluded that Thumba oil methyl
ester can be used as a fuel in diesel engine by blending it with diesel fuel.
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