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ABSTRACT

Biodiesel is a renewable fuel, which can reduce the use of petroleum based fuels and possibly lower the overall
greenhouse gas emissions of internal combustion engines. Therefore, to reduce emissions, researchers have
focused their interest in the areas of biodiesel as alternative fuel for diesel engine. Investigations have shown
that B20 blend has good performance and emission characteristics on CI engines. Further increase of biodiesel
fraction in the blends will increase the viscosity and decrease performance. To increase the fraction of biodiesel
in blends, it is required to reduce the viscosity by preheating. In the present work, an experimental investigation
is carried out on a four stroke single cylinder CI engine to find out the performance and emission
characteristics with preheated B40 blend of pongamia biodiesel and B20 biodiesel. The B40 blend is preheated
at 60, 75, 90 and 110°C temperature using waste exhaust gas heat in a shell and tube heat exchanger.
Transesterification process is used to produce biodiesel required for the present research from raw pongamia
oil. Experiments were done using B40 biodiesel blend at different preheating temperature and for different
loading. A significant improvement in performance and emission characteristics of preheated B40 blend is
obtained. B40 blend preheated to 110°C showed maximum 8.97% increase in brake thermal efficiency over B20
blend at 75% load. Also the highest reduction in UBHC emission and smoke opacity values were obtained as
78.12% and 73.54% respectively over B20 blend for B40 blend preheated to 110°C at 75% load. Thus
preheating of higher biodiesel blend at higher temperature improves the viscosity and other properties sharply
and improves the performance and emission.

KEYWORDS: Transesterification, Preheating, Biodiesel blends, Heat exchanger, Waste heat from exhaust
gas.

I. INTRODUCTION

Industrial development and economy of any country is mainly depends on its energy resources.
Majority of the world’s energy needs are supplied through petrochemical sources, coal, natural gases,
hydroelectricity and nuclear energy. Diesel and gasoline fuel plays a very important role in meeting
the energy requirement of various applications across the world. The high energy demand in the
industrialized world and wide spread use of fossil fuels is leading to fast depletion of fossil fuel
resources as well as environmental degradation. Due to the depletion of the world’s petroleum
reserves and the increasing environmental concerns, it necessitates continued search and sustainable
development of alternative energy sources that are environmental friendly [1-2]. Biomass sources,
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particularly vegetable oils, have attracted much attention as an alternative energy source. They are
renewable, non-toxic and can be produced locally from agriculture and plant resources. Their
utilization is not associated with adverse effects on the environment because they emit less harmful
emissions and green house gases [3]. Biodiesel, a form of biomass particularly produced from
vegetables oils, has recently been considered as the best candidate for a diesel fuel substitution [4-6].
Biodiesel is a clean renewable fuel, simple to use, biodegradable, nontoxic, and essentially free of
sulphur and aromatics [7]. It can be used in any compression ignition engine without the need for
modification. Also usage of biodiesel will allow a balance to be sought between agriculture, economic
development and the environment [8]. Rudolph Diesel, the inventor of the Diesel engine, used peanut
oil as the fuel for its demonstration in diesel engine. However, it is only in recent years that systematic
efforts have been made to utilize vegetable oil as fuels in the engines.

Biodiesel, which can also be known as fatty acid methyl ester (FAME), is produced from
transesterification of vegetable oils or animal fats [9]. Biodiesel is quite similar to petroleum derived
diesel in its main characteristics such as cetane number, energy content, viscosity and phase
changes. It has a reasonable cetane number and hence possesses less knocking tendency. Biodiesel
contains no petroleum products, but it is compatible with conventional diesel and can be blended in
any proportion with fossil-based diesel to create a stable biodiesel blend. Therefore, biodiesel has
become one of the most common biofuel in the world [10].

Chemically, biodiesel is a mixture of methyl esters with long-chain fatty acids and is typically made
from nontoxic, biological resources such as vegetable oils, animal fats, or even used cooking oils.
Vegetable oils include edible and non-edible oils. Many standardized procedures are available for the
production of bio-diesel fuel oil. There are four primary ways to produce biodiesel, direct use and
blending of raw oils, micro emulsions, thermal cracking, and transesterification of vegetables oils and
animal fat oil. The most commonly used method for converting oils to biodiesel is through the
transesterification [11-12].

1.1 Biodiesel from pongamia oil

As biodiesel is mainly produced from vegetables oils, Pongamia oil is a very good source of biodiesel
[13]. Oil of Pongamia pinnata is a non-edible oil of Indian origin. Karanja and Honge are the other
Indian names of Pongamia oil. It is found mainly in the native Western Ghats in India, northern
Australia, Fiji and in some regions of Eastern Asia. The oil contains primarily eight fatty acids viz.
palmitic, stearic, oleic, linoleic, lignoceric, eicosenoic, arachidic and behenic. Pongamia oil has high
viscosity and poor combustion characteristics which cause poor atomization, fuel injector blockage,
excessive engine deposit and engine oil contamination. In India the prohibitive cost of edible oils
prevents their use in biodiesel preparation, but non-edible oils are affordable for biodiesel production.

1.2 Preheating of biodiesel-diesel blends

Although vegetable oils have some similar physical fuel properties with diesel fuel in terms of energy
density, cetane number, heat of vaporization and stoichiometric air/fuel ratio, the use of neat vegetable
oils or its blends as fuel in diesel engines leads to some problems such as poor fuel atomization and
low volatility mainly originated from their high viscosity, high molecular weight and density. It is
reported that these problems may cause important engine failures such as piston ring sticking, injector
coking, formation of carbon deposits and rapid deterioration of lubricating oil after the use of
vegetable oils for a long period of time [14]. The transesterification is a widely applied, convenient
and most promising method for reduction of viscosity and density of vegetable oils. Despite
transesterification process, which has a decreasing effect on the viscosity of vegetable oil, biodiesel
still has higher viscosity and density when compared with diesel fuel. The viscosity of fuels has
important effects on fuel droplet formation, atomization, vaporization and fuel-air mixing process,
thus influencing the exhaust emissions and performance parameters of the engine. It has been also
revealed that the use of biodiesel leads to a slight reduction in the engine break power and torque, and
a slight increase in the fuel consumption and brake specific fuel consumption compared to diesel fuel.
These changes can be attributed to the lower heating value of biodiesel. The higher viscosity of
biodiesel compared to diesel limits the use of complete biodiesel and biodiesel blends in the I.C.
engine. The higher viscosity has effect on combustion and proper mixing of fuel with air in the
combustion chamber. It inhibits the proper atomization, fuel vaporization and combustion. Due to
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high viscosity, the fuel droplet size will be bigger and the fuel droplet will not get burned. When these
droplets mix with the hot gases in the later part of the power stroke oxidation reaction occurs but may
not have enough time to undergo complete combustion.

Many investigations have shown that the performance and emission characteristics of B20 biodeiesel
blend is similar to that of diesel fuel. If the biodiesel proportion is further increased, the density and
viscosity of the blends increases. Higher viscosity of these blends can be reduced by adopting
suitable techniques like preheating. Because of the heating process, the viscosity and density of
biodiesel decreases and improves volatility thus leading to a favorable effect on fuel atomization and
combustion characteristics. It will improve the oxidation of biodiesel in the cylinder and CO
emissions arisen from incomplete combustion will decrease [14-18].

1.3 Preheating of biodiesel blends: Related research work

Murat Karabektas et. al. [19] carried out experiments at full load conditions in a single cylinder, four-
stroke, direct injection diesel engine. Before supplied to the engine, Cotton seed methyl ester (COME)
was preheated to four different temperatures, namely 30, 60, 90 and 120°C. The test data were used
for evaluating the brake power and brake thermal efficiency (BTE) together with CO and NOx
emissions. The results revealed that preheating COME up to 90°C leads to favorable effects on the
BTE and CO emissions but causes higher NOx emissions. Moreover, the brake power increases
slightly with the preheating temperature up to 90°C. The authors suggest that COME preheated up to
90°C can be used as a substitute for diesel fuel without any significant modification in expense of
increased NOx emissions. M. Pugazhvadivu and K. Jeyachandran [20] determined the performance
and exhaust emission characteristics of a single cylinder diesel engine using diesel, waste frying oil
(without preheating) and waste frying oil preheated to two different inlet temperatures (75 and
135°C). The engine performance was improved and the CO and smoke emissions were reduced using
preheated waste frying oil. It was concluded from the results of the experimental investigation that the
waste frying oil preheated to 135°C could be used as a diesel fuel substitute for short-term engine
operation. In the present work B40 blend is selected as fuel and preheated to reduce the viscosity.

II. EXPERIMENTAL SETUP
2.1. Computerized Engine Test rig

The engine tests are conducted on a computerized single cylinder four-stroke, naturally aspirated,
open chamber (Direct Injection) and water-cooled diesel engine test rig as shown in Fig.1. The
specification of diesel engine used for experiments is given in Table.1. It is directly coupled to an
eddy current dynamometer. The engine and the dynamometer are interfaced to a control panel, which
is connected to a computer. Test rig is provided with necessary equipment and instruments for
combustion pressure and crank angle measurements with accuracy. These signals are interfaced to
computer through an analog to digital converter (ADC) card PCI-1050 which is mounted on the
motherboard of the computer.

Table.1 Test Engine Specification

Engine Four-stroke, single cylinder,
constant speed, water cooled CI Engine
Make Kirloskar
Model & BHP TV1 & 5.2kW@ 1500 RPM
Compression Ratio 17.5:1
Dynamometer Type Eddy Current, with loading unit
Load Measurement Strain Gauge Load cell
Interfacing ADC card- PCI 1050
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Figure 1. Schematic diagram of the experimental test rig
T1- Inlet engine water temperature PT - Pressure transducer N - RPM Decoder
T2 - Outlet engine jacket water temperature  Ta, Tb - In and out temperature of exhaust gas in H.E
Tf - Fuel temperature at outlet of H.E EGA - Exhaust Gas Analyzer (5 gas)
F1- Fuel Flow (Differential Pressure unit) SM — Smoke Meter
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III. RESULTS AND DISCUSSION

A wide range of experiments were carried out at different load conditions to examine the effect of
preheating on performance parameters like BSEC, brake thermal efficiency and also an analysis is
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carried out on the emission parameters like NOx, CO, HC and smoke. The tests have been carried out
with B40 blend preheated at 60°C, 75°C, 90°C, and 110°C temperatures and loading conditions of no
load, 25%, 50%, 75% and 100% of full load.

3.1. Brake thermal efficiency (BTE)

From Fig. 3 it is observed that B40 blend has higher brake thermal efficiency at 110°C preheating
temperature compared to other temperatures and B20 blend. It is showing increasing trend in BTE
with increasing preheat temperature. The significant improvement in BTE is observed only after 50%
loading. The increase in BTE is more when preheating temperature is increased from 75°C to 90°C as
compared to increase in BTE when temperature is increased from 90°C to 110°C. It was found that the
maximum BTE was achieved at 110°C at 75% loading. The increasing BTE can be attributed to the
good combustion characteristics of fuel because of their decreased viscosity and improved volatility
by means of preheating process. As the preheating temperature is increases from 60°C to 110°C,
viscosity of blend decreased sharply and volatility of molecule increased. It has favorable effect on
atomization and vaporization of fuel. The maximum thermal efficiency was found to be 38.83% at
110°C at 75% loading following 37.87% at full load condition. 8.97% and 6.97% increase in brake
thermal efficiency was obtained over B20 blend at 75% and full load conditions respectively [19 &20]
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Figure 3 Variation of BTE for B40 blend at different preheating temperature and B20

3.2. Brake specific energy consumption (BSEC)

From Fig. 4 it is observed that all temperature showed decreasing in values of BSEC with increasing
load. 90°C and 110°C temperature showed sharp decrease in values of BSEC compared to other
temperatures and B20 blend. The significant reduction in BSEC values are obtained only after 50%
loading. Higher preheating temperature results in better spray and improved atomization during
injection thereby improvising the combustion may be attributed for this. It can be seen that BSEC for
90°C at 75% and full load are 9.66 MJ/KW-hr and 9.27 MJ/KW-hr respectively while for 110°C at
75% and full load are 9.95 MJ/KW-hr and 9.51 MJ/KW-hr respectively. For 110°C preheated B40
blend 2.79 and 2.14 MJ/KW-hr decrease in BSEC values were obtained over B20 blend for 75% and
full load. BSEC values are observed to be higher for low load condition. At low load condition
exhaust temperature is found to be lower, hence it could not preheat inlet fuel effectively as compared
to be at higher load. Because of this it is not having favorable effect on combustion and leads to
increasing BSEC at low load. While much decreased in BSEC values are observed at higher loads and
at all temperature.

3.3. Unburned hydrocarbon (UBHC)

From Fig. 5 it is observed that B40 has lower emission of unburned hydrocarbon at 110°C for all
loading conditions as compared to other preheating temperature and B20 blend. B20 blend is showing
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maximum UBHC emission compared to all other preheated B40 blend. It is showing decreasing trend
in UBHC emission with increasing preheat temperature. The decreasing UBHC emission is more
when preheating temperature is increased from 75°C to 90°C as compared to decrease in UBHC
emission when temperature is increased from 90°C to 110°C.
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Figure 4 Variation of BSEC for B40 blend at different preheating temperature and B20

The maximum reduction of UBHC over B20 blend is 78.12% for B40 blend at 110°C. UBHC are
generally results of incomplete combustion of fuel. Preheating of B40 blend before to the injection is
resulting in decrease of viscosity of B40 biodiesel blend and better mixing of fuel with air that leads
to favorable effect on combustion of fuel and hence UBHC emissions are less at 90°C and 110°C
temperature. The cetane number of ester based fuel is higher than diesel, it exhibits a shorter delay
period and results in better combustion leading to low HC emission. Also the intrinsic oxygen
contained by the PPME is responsible for the reduction in HC emission. B40 blend emitted more
UBHC at 60°C than other preheating temperature.
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Figure 5 Variation of UBHC of B40 blend for different preheating temperature and B20

3.4. Nitrogen oxides (NOx)

The oxides of nitrogen in the exhaust emissions contain nitric oxide (NO), nitrogen dioxide (NO,),
nitrous oxide and many other oxides of N,. The formation of NOx is highly dependent on the
temperature in the combustion chamber and oxygen concentration for the reaction to take place. From
Fig. 6 it is observed that NOx emissions are increased at higher preheating temperature and showing
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increasing trend as load increases. B40 showed higher NOx emission for 90°C and 110°C for 75% to
full load conditions while B20 showed lowest NOx emission. The maximum NOx emission was 1390
ppm and 1680 ppm for 110°C preheated B40 blend for 75% and full load. The increasing NOx
emission was significant after 50% loading. The higher NOx emission at higher temperature can be
attributed to various reasons, such as improved fuel spray characteristics, better combustion of
biodiesel due to its oxygen content and higher temperature in the cylinder as a result of preheating
[19]. Due to low exhaust gas temperature, the NOx emissions are lower at 25% and 50 % loading for
all preheating temperature.
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Figure 6 Variation of NOx for B40 blend for different preheating temperature and B20

3.5. Smoke opacity

It is observed from Fig. 7 that smoke opacity values tend to increase for B20 blend compared to
other preheated blend for all loading conditions. However for 90°C and 110°C, smoke values are
marginally lower up to 75 % loading and showed higher trend at full load. 73.14% reduction in smoke
opacity emission was obtained for 110°C preheated B40 blend over B20 blend for 75% load. B20
showed higher smoke opacity emission over the other preheating temperatures. The decreasing smoke
opacity values is more when preheating temperature is increased from 75°C to 90°C as compared to
decrease in smoke opacity when temperature is increased from 90°C to 110°C. As mentioned earlier,
at high temperatures B40 becomes very less viscous and resulted in better atomization and
vaporization and leads to complete combustion of the injected fuel [20]. This resulted in reduced
smoke emissions. However smoke emission has increased particularly at higher load due to higher
fuel consumption because of less calorific value of biodiesel fuel.
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Figure 7 Variation of smoke opacity for B40 blend for different preheating temperature and B20
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3.6. Carbon monoxide (CO)

It is observed from the Fig. 8 that CO emission is lower for 90°C and 110°C temperature for all load
conditions while B20 and B40 blend at 60°C temperature emitted higher CO for all load conditions.
The significant improvement in CO emission was obtained after 50% loading. The decreasing CO
emission is more when preheating temperature is increased from 75°C to 90°C as compared to
decrease in CO emission when temperature is increased from 90°C to 110°C. High oxygen content
and reduced viscosity of B40 blend due to preheating had good effect on complete combustion of fuel
and reduced CO emission. For same loading condition a much reduction in CO emission level is
obtained at higher temperature than at lower temperature [19]. As it can be clearly seen from graph
62.5% and 66.67% reduction in CO emission is obtained for 110 °C preheated B40 blend over B20
blend for 75% load and full load.
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Figure 8 Variation of CO for B40 blend for different preheating temperature and B20

CONCLUSIONS

From the above results findings conclude that the preheating temperature increases the performance
and emission characteristics also improved over B20.

The significant improvement in performance and emission values is obtained after 50% load.
The maximum brake thermal efficiency for B40 is found to be 38.83% at 110°C at 75%
loading following 37.87% at full load condition. 8.97% and 6.97% increase in brake thermal
efficiency is obtained over B20 blend at 75% and full load condition.

BSEC for 110°C at 75% and full load are 9.95 MJ/KW-hr and 9.51 MJ/KW-hr respectively.
For 110°C preheated B40 blend 2.79 and 2.14 MJ/KW-hr decrease in BSEC values are
obtained over B20 blend for 75% and full load.

The maximum reduction of UBHC over B20 blend is 78.12% for B40 blend at 110°C.

The maximum NOx emission is 1390 ppm and 1680 ppm for 110°C preheated B40 blend for
75% and full load.

73.14% reduction in smoke opacity is obtained for 110°C preheated B40 blend over B20
blend for 75% load. 62.5% and 66.67% reduction in CO emission is obtained for 110 °C
preheated B40 blend over B20 blend for 75% load and full load.
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