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Abstract

This paper presents a comparative study on the use of Jatropha biodiesel and their blends, (BD25 and BD50) with
standard conventional diesel fuel. Engine performance parameters namely Brake Thermal Efficiency, Brake Specific Fuel
Consumption, and exhaust emissions of, HC, CO, NOx, and Smoke Intensity are determined for different loading
conditions and at constant engine speed. It has been observed that the 25% blend of Jatropha Biodiesel w ith diesel is
the best alternative for diesel fuel based on overall performance in terms of engine performance and emissions. Therefore,
Jatropha Biodiesel blend (BD25) could be considered as an alternative fuel for compression ignition engines.
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Nomenclatures

ASTM: American Society for Testing and Materials

ATDC: After Top Dead Center

BD: Jatropha Biodiesel (100%)

BD25: Jatropha Biodiesel (25%) with diesel (75%)

BD50: Jatropha Biodiesel (50%) with diesel (50%)

BTDC: Before Top Dead Center

BSFC: Brake Specific Fuel Consumption

CA: Crank Angle (Degrees)

CI: Compression Ignition

CO: Carbon Monoxide

HC: Unburned Hydrocarbons
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PM: Particulate Matter

 

I Introduction

Today the fossil fuel crisis, global warming and their environmental concerns have generated interest in the scientific
community to look for environment-friendly alternative fuels such as biofuel or vegetable oil to sustain the high-quality
fuel, among which biodiesel is one of the potential options. Biodiesel is one of the possible alternative fuels for fossil fuels
because its properties are very close to those of mineral diesel oil. Biofuels can be obtained directly or indirectly from
biomass sources. Biomass resources can exist in any form of solid, liquid or gaseous. Moreover, biodiesel is mainly
derived from fatty acid alkyl esters, edible or non-edible vegetable oils or waste greases [I] [II].

Biodiesel molecules or methyl-esters contain a certain good amount of oxygen approximately 10%–11% (by
weight), which is involved in the combustion process. These oxygenate b iodiesel fuel can effectively improve the
combustion and reduce emission s such as unburned hydrocarbons (HC), carbon monoxide (CO), and particulate matter
(PM), in 4-Stroke CI engines. However, a slight increase in NO x emissions has been observed due to the improvement in
combustion temperature by the use of these oxygen-rich fuels [III-IX] .

Biodiesel can be used with few or no engine changes in CI engines. It can be used in pure form or by blending with
fossil fuels on a percentage basis [X]. In CI engines, alternative biofuel such as biodiesel is commonly used. However,
biofuel has an economic advantage over CI engines as compared to conventional diesel. It can be used as a single-fuel or
additive directly in these CI diesel engines without engine modifications [XI]. Besides, fuels derived from vegetable oils
have high viscosity and low boiling point, cetane number and volatility values which are significant characteristics for CI
engines. These disadvantages result in incomplete combustion, engine oil contamination, engine deposits and higher
exhaust emissions that adversely affect these biofuels for direct use in CI engines [XII-XIII].

Numerous studies on the performance, combustion and emission using raw or pure vegetable oils and their methyl
or ethyl esters of, Jatropha [ XIIII - XV ] , Palm oil [ XVI-XVIII ] , Mahua oil [ XIX ] , K aranja oil [ XX-XXI ] , Soybean
oil [ XXII-XXV ] , and Rapeseed oil [ XXVI ] h ave been carried out on the conventional CI engines. Researchers have
shown that it is not possible to use vegetable oils in pure form. The unfavourable physical properties of vegetable oils such
as high viscosity and their low volatility affect the fuel atomization and spray pattern, leading to incomplete combustion
and severe problems, carbon deposits, injector coking, fuel pump failure and piston ring sticking. Several techniques are
proposed to reduce the viscosity of vegetable oils such as pyrolysis, blending, and transesterification [ XXVII ] . It has
been observed that the transesterification process has been proven worldwide as an effective means of biodiesel production
and vegetable oil viscosity reduction [I].

Jatropha biodiesel has attractive potential and advantages because it has the same characteristics as diesel fuel and is
environmental-friendly. Several investigations have shown that using biodiesel in CI engines can reduce hydrocarbon,
carbon monoxide and particulate matter emissions, but increase NO x emissions. The high oxygen content of biodiesel is
an important factor of NOx formation, as it increases the combustion temperature and due to which NOx formation
increases [XXVIII- XXIX].

Puhan et al. [XIX] tested mahua oil ethyl ester biodiesel in a naturally aspirated 4-stroke direct-injection, CI engine.
They reported an increase in BSFC for mahua oil ethyl ester as compared to diesel. Also, 0.22%, a slight increase in BTE,
emission reduction 63% in HC, 12% reductions in NOx and 70% reduction in smoke, and 58% reduction in CO emission
are reported. Kerihuel et al. tested ethanol blends in animal fat [XXX-XXXI] and methanol [XXXII] in Jatropha biodiesel
oil to test in CI engine. The results showed that a significant reduction in HC, CO, and smoke emission were achieved as
compared to pure fat and pure diesel at high loading conditions.

Nursal et al. [ XXXIII ] performed experimental investi g ation with three types of biodiesel crude palm oil ( CPO ) ,
waste cooking oil (WCO), and Jatropha curcas oil (JCO) in a direct- injected CI engine. Studies were carried out at 5%
blending ratios with 0%, 50%, and 90% loading conditions during engine speeds of 800, 1200, 1600, and 2000 rpm.
Studies showed that palm and Jatropha biodiesel increased overall engine performance, while engine performance
associated with waste cooking oil decreased. Brake thermal efficiency and fuel economy were slightly improved, and
exhaust emissions were reduced compared to diesel. The emission reduction of CO, CO2 and HC by CPO; slightly
increase in CO2, NOx and HC by JCO and acceptable increase in CO, CO2 and NOx by WCO were observed.

It is clear from the literature review that biodiesel has considerable potential to be selected as a fuel for CI engines,
but further analysis of performance is needed in-depth. This research focuses on the investigation and performance
evaluation of Jatropha biodiesel in CI engine.

 

II Methods and Materials

Jatropha biodiesel is one of the non-edible oils in India with an estimated annual production capacity of approximately
200,000 metric tons. It can be grown easily in the wasteland [XXXIV]. Transesterification process is used to produce
Jatropha biodiesel from raw seeds. It has been widely accepted worldwide for the production of biodiesel . The oil content
for Jatropha kernel is 63.16% [XXXII] and Palm Kernel, Linseed, and Soybean, which is about 44.6%, 33.33%, and
18.35%, respectively [XXXV]. Hence, Jatropha biodiesel would be the perfect biodiesel as it is more economical in terms
of chemical composition or oil content. The blending and properties of test fuel Jatropha biodiesel and diesel have been
carried out at MANIT, Bhopal. The fuel properties of Jatropha biodiesel , and their blends, and diesel fuel are determined
as per the ASTM standards and procedures, which are tabulated in Table 1 .

Table 1 Properties of Diesel, Jatropha Biodiesel and their blends

Test Fuel

Kinematic

viscosity

(cSt)

Density

(kg/m3)

Calorific

value

(MJ/kg)

Flash Pt

(°C)

Cloud Pt

(°C)

D 2.9 850 44 76 6.5
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BD 4.18 873 42.73 148 10.2

BD50 3.59 857 43.33 113 7.3

BD25 3.12 851 43.78 85 6.8

 

III Test Equipment

 

For this study, experimental setup consists of a Kirloskar make, single-cylinder, vertical, naturally-aspirated four-stroke,
water-cooled, direct-injection, Compression Ignition engine is used. The experimental setup and schematic diagram of 4-
stroke CI Test-setup are shown in Figure 1 and Figure 2, respectively. An Eddy Current type dynamometer (Model-AG10)
is attached with the test-setup. This type of CI engine widely is used in the agriculture field in India. The detailed
specifications and working condition of the test-setup are given in Table 2.

Fig 1. A photographic view of a 4-Stroke CI Test-Setup

 

Exhaust Gas Analyzer

Exhaust

 

4-Stroke CI Test engine

Eddy Current Dynamometer

Control Panel

Speedometer

Fuel Supply System

Fuel Pump

Air Tank

Air Filter

Injector

 

Fig 2. The schematic diagram of 4-stroke CI Test-Setup

 

Table 2. Engine Specification

Type of Engine 4-Stroke Diesel Engine

Cooling Type Water Cooled

Engine Rated Power

and Speed
6 HP, at 1500 RPM

Cylinder Number 1

Compression Ratio 17.5:1

Cylinder Bore 87.5 mm

Cylinder Stroke 110 mm

Injection Pressure 21 MPa

Nozzle Hole Diameter 0.28 mm

Injection Timing 23 °BTDC

Dynamometer Eddy Current Type

IV Test Procedure

The engine performance and emissions tests were carried out with Jatropha biodiesel, their different blends in diesel at
various engine load conditions. Standard conditions set by recommended manufacturers were used to operate the engine.
All test fuels were injected at injection pressure and injection timing, 21MPa and 23°BTDC, respectively. This
performance and emission values   were considered as baseline values   during the experiment compared to the results
obtained from tests with different test fuel and load conditions. Engine tests were conducted at different loads, 0%, 25%,
50%, 75% and 100%, and rated constant engine speed of 1500 rpm. Unburned hydrocarbon (HC), carbon monoxide (CO)
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and NOx emissions were measured using by AVL (CDS-250) exhaust gas analyser. A Bosch smoke meter is used to
measure smoke intensity, in which a filter paper was used to collect the smoke sample from the engine through a smoke
sampling pump to measure the intensity of the smoke.

V Results and Discussion

Brake Thermal Efficiency

Brake Thermal efficiency indicates an idea of work output generated by the engine with the expense of chemical energy in
the form of fuel [ XXXVI ] . Fig. 3 shows the variation of brake thermal efficiency (BTE) with brake power ( BP ) for
various blends of Jatropha biodiesel with diesel . The brake thermal efficiency of BD and their blends were lower as
compared to that of diesel. Maximum BTE is obtained at 4.4kW power with diesel as fuel. BTE for BD25 blend is very
close to that of diesel oil. BTE for BD, BD25, and BD50 is lower by 7.54%, 2.84%, and 4.89%, respectively compared to
diesel fuel at full load. This is attributed to the lower calorific value, higher viscosity and density of biodiesel fuel.

 

Fig 3. Effect of engine load on BTE with diesel and Jatropha biodiesel blends

 

Brake Specific Fuel Consumption (BSFC)

The brake specific fuel consumption ( BSFC ) is the ratio of the mass of fuel consumption to brake power [ XXXVI ] . It
shows the fuel efficiency of the engine. Fig. 4 shows the variation in BSFC of diesel, Jatropha biodiesel and their blends
with increasing order of BP. BD25 has the lowest BSFC as compared to that obtained with their higher level of biodiesel
blending. However, it was 7.14% higher than that obtained with diesel. Pure BD has the highest BSFC as compared to
other blends which is 21.43% higher than that obtained with diesel fuel. At full load, BSFC of BD, BD25, and BD50 are
0.34 kg/kW-h, 0.30 kg/kW-h and 0.32 kg/kW-h respectively; for diesel fuel it is 0.28 kg/kW-h. This is because biodiesel
has a lower calorific value than diesel fuel.

 

 

Fig 4. Effect of engine load on BSFC with diesel and Jatropha biodiesel blends

 

Unburnt Hydrocarbons

Hydrocarbons are produced by the incomplete combustion processes that may occur during the working of an IC engine.
Fig. 5 shows the effect of load on HC emission with diesel and Jatropha Biodiesel and their blends. It is evident from the
figure that there is an increase in HC emissions for all test fuels as load increases. This is due to fuel- rich mixtures at
higher loads. At a lower load; the blends containing higher percentage of diesel will have higher HC emission. It may be
due to the lower viscosity of higher percentages of diesel in the blends, and larger diesel dispersion in the combustion
chamber. However, at full load, diesel had the highest HC emission. The reduction in HC emissions with BD, BD25 and
BD50 are 57.7%, 18.5%, and 48.2% respectively, which is lower than that of diesel fuel at full load of the engine. With the
addition of biodiesel in the blend which reduces unburned hydrocarbon considerably. This is due to the presence of
oxygen in biodiesel and higher combustion temperature, which promote the oxidation of hydrocarbon emissions. The
minimum value of HC emission is obtained with pure Jatropha biodiesel as compared to diesel at all load conditions.

 

 

Fig 5. Effect of engine load on HC emission with diesel and Jatropha biodiesel blends

 

Carbon Monoxide

Carbon monoxide (CO) is known as an air pollutant that is produced when carbon-containing fuels are incompletely
combusted. CO is a strong respiratory irritant. The formation of CO depends on the quality of the fuel mixture in the
combustion. The high enriched mixture produces high CO, while the lean fuel mixture produces low CO emission. In a
diesel engine, combustion is accompanied by a lean mixture and contains a lot of air, which is why CO in diesel
combustion is low [XXXVII]. Fig. 6 shows the effect of load on CO emissions with diesel and Jatropha biodiesel blends.
The figure shows that the decrease in the CO emission with increase in the percentage of the blending of Jatropha
biodiesel at all load condition. The lowest CO emissions were obtained for the pure Jatropha biodiesel. However, at full
load, diesel had the highest CO emission. The reduction in CO emissions with BD, BD25 and BD50 are 42.7%, 16.5%,
and 32.4% respectively, which is lower than that of diesel fuel at full load of the engine.

 

 

Fig 6. Effect of engine load on CO emission with diesel and Jatropha biodiesel blends

 

Nitrogen Oxides

A diesel engine operates at a higher temperature and pressure as compared to a petrol engine. These conditions favour the
production of NO x gases. The quantity depends on the volume and duration of the hottest part of the flame due to this
reason diesel engine produces more NO x as compared to petrol engines . Also, the high temperature that occurs in the
combustion chamber promoted an unwanted reaction between nitrogen and oxygen results in the formation of an oxide of
nitrogen called NOx [XXXVI]. Fig. 7 shows the effect of load on NOx emission with diesel and Jatropha biodiesel blends.
The figure shows increase in the NOx emission with increase in the percentage of the blending of Jatropha biodiesel at all
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load condition. It indicates that NOx emissions for various blends of Jatropha biodiesel such as BD, BD25, and BD50 fuel
blends are increased by 26%, 4%, and 19% respectively compared to diesel at the full load conditions. It was due to the
presence of higher oxygen content in the biodiesel, which helps to improve the combustion process. Very fast combustion
process leads to a rapid increase in in-cylinder pressure and temperature. It is the main reason for a high NOx emission.

 

Fig 7. Effect of engine load on NOx Emissions with diesel and Jatropha biodiesel blends

 

Smoke Intensity

Smoke refers to the carbon content present in exhaust gases. Fig. 8 shows the variation of smoke emissions with various
diesel blends of Jatropha biodiesel with increasing order of load. It is observed that at all load conditions, the smoke
emissions decrease with increasing order of blending. At full load condition smoke emissions for BD, BD25 and BD50 are
reduced by 57%, 21%, and 47.2% respectively compared to diesel at the same load condition. Pure Jatropha biodiesel
gives the lowest smoke emissions from amongst all the blends of biodiesel at full load condition. J atropha biodiesel and
their blends as fuel in diesel engines significantly reduce smoke at all load condition. This was due to the presence of
higher oxygen content in the biodiesel, which helps to improve the combustion process.

 

Fig 8. Effect of engine load on smoke using diesel and Jatropha blends

 

VI Conclusions

The objective of this study was to characterize the Jatropha curcas biodiesel blends on the performance and exhaust
emissions of a CI engine. Based on the results of this study, the following specific conclusions were drawn :

Brake thermal efficiency decreased with increase in the proportion of biodiesel in the blends. The maximum value is
obtained for diesel fuel at full load condition.

Pure Jatropha biodiesel showed the lowest value of brake thermal efficiency for all the load condition.

The Brake Specific Fuel Consumption increased with increase in the percentage of Jatropha biodiesel in the blends. The
values   of the BD25 biodiesel were the same trend as diesel.

The unburned HC in exhaust emissions reduced with increase in the proportion of Jatropha biodiesel in the blends.

The CO in exhaust emissions reduced with increase in the proportion of Jatropha biodiesel in the blends.

The smoke level exhaust emissions reduced with increase in the proportion of Jatropha biodiesel in the blends.

NOx emissions increased with increase in the percentage of Jatropha biodiesel in the blends. Also , emissions, HC, CO,
NO x and smoke levels were increased with an increase in engine load for all fuels tested.

These experimental results suggest that Jatropha biodiesel and their blends could be used in diesel engines without major
modification.
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