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Abstract

The fast depletion of Petroleum fuels and increasing costs concemns have led to an intensive search for alternative fuels
such as biodiesel. In this experimental study a dual fuel includes rubber seed oil and jatropha oil blended with the pure
diesel fuel was used. The dual fuel was estrified to reduce the viscosity and it was blended with the diesel fuel for the
different proportions like 20%, 40%, 60% of biodiesel blended with diesel namely B20, B40, and B60. The performance
and emission test was carried out in a single cylinder constant speed (1500 rpm) direct injection (DI) diesel engine. In
this engine the injection timing was varied to study the performance and emissions from biodiesel fuelled diesel engine.
The experiment was performed at the injection timing of 27° BTDC and 220 bar of injection pressure with reference to
the standard injection timing of 24° BTDC and the normal injection pressure. The performance test resulted with the
increased Brake thermal efficiency (BTE) and reduction in the specific fuel energy consumption (SFEC) for B20 blend
as compared to the other proportions. From the emission characteristics results the carbon monoxide (CO), unburned
hydrocarbon (UHC), oxides of nitrogen (NOx) and carbon dioxide (CO2) were decreased for B20 when compared with

the other proportions.

Keywords: Jatropha oil, rubber seed oil, performance, emission

I. INTRODUCTION

An experimental study was conducted using the
rapeseed oil blended with the diesel with increase in
the injection pressure and injection timing of modified
engine with the ECR system. The significant reduction
of NOx emissions at the expense of CO, THC, SN,
BSFC compared to diesel [1]. In a performance study,
the ethanol was blended diesel fuel from 0% to 15%
and with an every increment of 5%, the injection
timings variation increases the NOx and CO, emissions
and decreases the CO and UHC emissions
considerably. For the retarded injection timings, the
NOx and CO2 emissions were increased, and UHC
and CO emissions were decreased for all no load to
full load conditions [2]. A test was analyzed with the
waste plastic oil blended with diesel fuel. Four injection
timings were used such as 23°, 20°, 17%and 14° BTDC
while the designed injection timing is 23° BTDC. At the
injection timing of 14° BTDC shows a decrease in the
oxides of nitrogen, carbon monoxide and unburned
hydrocarbon. And the brake thermal efficiency, carbon
dioxide and exhaust temperatures were increased
under all the load conditions [3]. In a study, the change
of position of pistons in hemispherical and Toroidal

Reentrant Combustion Chamber (TRCC) geometries
the test results showed an improved BTE up to 5.64%.
The SFC decreased up to 4.6 and oxides of nitrogen
increased up to 11% as compared to that of the normal
design diesel engine [4]. From an analysis using water
and hydrogen as an alternative fuel for diesel engines
with the different crank angle, the water injection timing
of 20° ATDC and 20° CA shows an increased indicated
thermal efficiency, reduced the NOx concentrations and
exhaust gas temperatures when the engine runs at
2500 rpm [5]. A Dimethyl Ether (DME) engine was
used to reduce the total unburned hydrocarbons, NOx
and CO at low speed to middle engine speed
conditions. The engine injection timing retarded the
further NOx was reduced but other emissions like CO,
THC, DME and CH,O were increased [6]. Both of the
injection pressure and injection timing were changed in
the compression ignition engine decreases the smoke
opacity, CO, THC emissions while NOx emissions were
increased [7]. When dimethoxymethane (DMM) was
blended with diesel fuel at different load conditions, the
BTE and other emissions are CO,, CO UHC were
decreased but NOx slightly increased [8]. The effect of
compression ratio and injection timing was studied to
analyze the BTE, SFC and the exhaust emissions [9].
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Table 1. Properties of Fuels

Property Diesel Rubber seed oil | Jatropha oil (Rubber sg;%di::gl Jatropha)
Sp. Gravity 0.74 0.82 0.96 0.90
Viscosity at 40°C(mm<s) | 4.15 70.2 4.4 42
Calorific Value (KJ/kg) 42000 37000 38500 39500
Carbon residues% 0.12 0.19 0.61 0.26
lodine value 0.067 133.46 120.5 133.32

The proportion of biodiesel increased BSFC and
exhaust temperature increased while brake thermal
efficiency (BTE) decreased in the blends at all
compression ratios (18:1 to 20:1) and injection timings
35° to 45° BTDC [10]. In this experimental study, a
modified diesel engine was tested for the variations in
the rated power to measure the performance and
emissions characteristics. Table 1 shows the properties
of fuels used in the tested engine.

IIl. EXPERIMENTAL SETUP AND TEST
PROCEDURE

A single cylinder constant speed Kirloskar DI
engine was used to evaluate the engine performance
and emission characteristics biodiesel. The diesel runs
under different load condition at a constant speed of
1500 rpm with the different biodiesel proportions. The
diesel engine was directly attached with an eddy
current dynamometer for changing the loads. A
measuring device was attached in the test engine such
as orifice meter with U tube manometer for measuring
air consumption, a one liter burette for fuel consumption
and the Separate bio fuel tank. An AVL415 smoke
meter was provided for measuring the smoke opacity
and exhaust temperatures. The test rig was installed
with AVL software to obtain various curves and results
during operation. A five gas analyzer was used
measured the emission characteristics such as CO2,
CO, HC, NOx, and O2 values from the exhaust gas.
The performance and emission tests were conducted
at the compression ratio of 17.5 for different injection
pressures of 200, 220, and 240 bar with rated power
of 44 kW. The test was carried out for different
proportions of biodiesel blended with the diesel fuel.
The performance analysis of the engine at different

rated power was evaluated in terms of brake specific
fuel consumption (BSFEC), brake thermal efficiency
(BTHE) and emissions characteristics of CO, CO,,
UHC and NOx. The engine specifications are given
below.

Bore : 875 mm

Stroke : 110.0 mm

Speed : 1500 (constant speed)
Compression ratio  : 17.5:1

4.4 kW
Number of cylinders : One

Rated power

Type of cooling Air cooled - eddy current

dynamometer
Injector opening 240 BTDC
Pressure 220 bar
No. of stroke 4 stroke

ll. RESULTS AND DISCUSSIONS

A. Carbon monoxide (CO)

Fig. 1 shows the carbon monoxide (CO)
emissions of the tested constant speed diesel cengine.
From the graph, when compared to the pure diesel
fuel, the CO emissions of blended fuels decreased at
low engine loads and the same was increased from
75% to full load engine condition. For B20, from zero
loads to 50% load there is a slight change and from
75% to full load conditions, the CO was increased from
0.07% to 0.09%. For the B40 to B100 proportion, the
CO emission is increased from 0.35% to 0.43%. From
the graph, B20 have better result compared to the other
bio blends.
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Fig. 1. Variation of carbon monoxide with respect to
load

B. Oxides of nitrogen (NOx)

Fig. 2 shows the oxides of nitrogen (NOx)
emissions for different load conditions for the engine
with different blended fuels. When the engine ignition
timing was advanced from 24° to 27°, the oxides of
nitrogen increased for all proportions. The NOx
emissions increases with increase in engine loads and
exhaust temperature for all bio diesel blends. From the
study for the blend B20,the NOx was slightly increased
when compared to the diesel fuel. For the B100 blend
used in the test engine the NOx emission gradually
increases due to it's less HC than the diesel fuel from
220 ppm to 1400 ppm.

increased from 14 ppm at zero load condition to 30
ppm at full load conditions.
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Fig. 2. Variation of NOx with respect to Load

C. Unburned hydro Carbon (UHC)

The Unburned hydrocarbon proportions were
varied from 7 ppm to 29 ppm released in the exhaust
at the ignition timing of 27° and 220 bar at various
load conditions and shown in the figure. It was
observed for B20, at zero load conditions, the amount
of UHC release is lower than that of the diesel fuel.
At 25% to 50% of load condition, the UHC increases
gradually. For the bio-fuel of B40 and B60, the UHC

Fig. 3 Variation of Unburned Hydro Carbon with
respect to load

D. Brake thermal efficiency (BTE)

Fig. 4 shows the thermal efficiency based on the
different injection timings at various load conditions.
From the graph for the diesel fuel which has higher
calorific value, the brake thermal efficiency was
increased up to 32%. For the blend of B20, the BTE
was increased to 30% when compared to the other
biodiesel proportions. In case of B40 and B60 the
efficiency was lower when compared to that of the B20.

——Diesel

BTE (%)

=—=—B20
10 840
5 =é=B60

0 25 50 75 100

Load (%)

Fig. 4. Variation of Thermal efficiency with respect
to load

IV. CONCLUSIONS

From the experimental study and emission
analysis of a dual fuel diesel engine for the variation
of injection timing the following results were obtained.
For the B20 blend with diesel, the CO emission was
lower when compared to the other biodiesel blends.
For the variations of different loads from no load (zero
loads) to 75% of load, the CO emissions were from
0.07 %to 0.22%. In unburned hydrocarbon emission for
the biodiesel B20 was less compared to that of the
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other bio fuel blends. The NOx emission was increased
for all proportions from no load condition to full engine
load conditions. The brake thermal efficiency was also
increased to 30% when using B20 blended with the
diesel 30%. It was concluded that when the injection
timing was varied from 24° to 27°, the blend B20 gave
the appreciable performance when compared to the
other blends.
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