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Abstract — One of the most important elements to effect world economy and politics was sustainability of petroleum
resources. Being the main source of world energy supply, the world is presently facing with the crisis of fossil fuel
depletion and environmental degradation. Moreover, the increasing demand of petroleum in developing countries like
China, Russia and India has increased oil prices. The present work is to investigate the use of biodiesel obtained from
Teesi Seed Oil (B20) with different flow rate of Exhaust Gas Recirculation (EGR) (5%, 10%, 15%, and 20%). A single
cylinder, water-cooled, constant speed direct injection diesel engine is used for experiments. The performance and
emission characteristics are analyzed at constant speed with varying load condition. The results obtained shows reduced
NOx emission for all EGR ratios in both diesel and biodiesel (B20).
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I.
INTRODUCTION
Biodiesel (methyl or ethyl ester of fatty acid) was obtained fro m various naural resources like v irgin or used
vegetable oils (both edible and non-edible) and animal fat. A mong them, the main sources for biodiesel production can
be non-edible oils obtained fro m p lant species such as Jatrophacurcas (Ratanjyot), Pongamia pinnata (Karanj),
Calophyllu minophyllu m (Nagchampa), Hevcabrasiliensis (Rubber) etc. The co mbustion of biodiesel in co mpression
ignition (CI) engines in general results in lower smoke, particulate matter, carbon mono xide and hydrocarbon emissions
but higher NOx co mpared to standard diesel fuel co mbustion [1–3]. To reduce NOx, the EGR technique was used. In
exhaust gas recirculat ion two methods were available. One was rep lacement EGR and other one was addit ional EGR [2].
In the first method, some of the air entering the engine was replaced by exhaust gases. This means that the air/fuel rat io
and the exhaust flow leaving the engine were both reduced. In the second method, exhaust gases were added to the air
mass flow entering the engine. By this procedure the air/fuel ratio and the exhaust mass flow were kept constant [3].
Also, the application of EGR will reduce the NOx formation by three effects, namely dilut ion effect, thermal effect and
chemical effect [4]. Out of these dilution plays a major role in NOx reduction for diesel-fueled operation [5]. In this
study, the combined effects of Teesi oil biodiesel co mbustion with the incorporation of exhaust gas recirculation (EGR)
on the engine performance and emissions characteristics were analysed and compared with the results obtained from the
engine operating on diesel.
Teesi with the bino mial name: Linu m usitatissimu m, was a member of the genus Linu m in the family Linaceae.
It was a food and fibre crop that was grown in cooler reg ions of the world. Linu m usita tissimu m was native to the region
extending fro m the eastern Mediterranean, through Western Asia and the Middle East, to India. The physical properties
of flaxseeds have been evaluated as a function of seed mo isture content, varying fro m 6.09% to 16.81% (d .b.). In the
mo isture range, seed length, width, thickness, arith metic mean diameter, and geometric mean d iameter increased linearly
fro m 4.27 to 4.64 mm, 2.22 to 2.38 mm, 0.85 to 0.88 mm, 2.45 to 2.63 mm and 2.00 to 2.12 mm respectively with
increase in mo isture content. One thousand seed weight increased linearly fro m 4.79 to 5.32 gr. The true density
increased with mo isture content from 1000 to 1111 kg/ m3 wh ile bulk density decreased 726.6 to 555.6 kg/ m3in the range
of moisture content between 6.09% and 16.81%, d.b.
II.

EXPERIMENTAL S ETUP

A single cylinder water cooled, four stroke d irect injection co mpression ignition engine with a co mpression ratio
of 17.5:1, developing 5.2 kW at 1500 rp m (Kirloskar TV-1) is used for this study. The overall view of the experimental
setup is shown in figure 1. The engine was run at a constant speed of 1500 rp m at different loads, the loads were applied
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to the engine through an eddy current dynamometer. The engine was run at various loads of the eddy current
dynamometer (20%, 40%, 60%, 80% and 100%). The dynamo meter was interfaced to a control panel. The emissions like
HC, CO, NOx were measured in the A VL Di gas analy zer and s moke density was measured by smoke meter. The
exhaust gas temperature was measured using K-type thermo couple. After all the readings were taken, the leftover d iesel
was drained out of the tank and biodiesel at various ratios (B20, B40, B60, B80 and B100) was poured. Same steps were
followed and the readings were noted down for the biodiesel. The EGR s ystem consists of a piping system taken fro m the
engine exhaust pipe. The amount of exhaust gas recycling into the in let manifold was controlled by means of valves. The
recircu lated exhaust gas flows through orifice with mano meter for measuring the flow ra te, before mixing with the fresh
air. The engine was run by using diesel and B20 b iodiesel (Teesi oil) with 5% EGR, 10% EGR, 15% EGR and 20% EGR
at various load condition (20%, 40%, 60%, 80% and 100%).

Fig 1 Experimental setup
Table 1 Properties of fuel
Diesel

B20

Viscosity @ 40C cSt

2.57

3.32

Flash Point (C)

37

54

Fire Po int (C)

40

68

Net Calorific value (kJ/kg)

34178.6

40081

Specific gravity @15C

0.8291

0.8518

Cetane Nu mber

48

55

III.

RES ULTS AND DIS CUSSION

3.1 Specific Fuel Consumption
For diesel and bio diesel, the variation of specific fuel consumption with brake power was shown in Fig 2. For
increasing the level of EGR the specific fuel consumption decreased for both diesel and biodiesel. The lower value was
shown in diesel without EGR while co mpare with biodiesel b lend with EGR and without EGR. Th is was due to lower
calorific values and higher viscosity, and density and boiling point [6].
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Fig 2 Specific fuel consumption Vs Brake Power
3.2 Brake Thermal Efficiency
Figure 3 indicate the variation in brake thermal efficiency with brake power. Brake thermal efficiency with and
without EGR was found to be comparable for d iesel and bio diesel (B20). At fu ll load the brake thermal efficiency
decreases with increase in EGR flow rate. The reduction in efficiency was due to the high EGR flo w rates that results in
deficiency in o xygen concentration in combustion process at full load and larger rep lacement of air by EGR [7]. The
higher specific heat capacity of both CO2 and H2 O and high flow rate of EGR reduces the average combustion
temperature in the combustion chamber resulting in the brake thermal efficiency to reduce at full load.

Fig 3 Brake thermal efficiency Vs Brake Power
3.3 Exhaust Gas Temperature
The variation of exhaust gas temperature with brake power was shown in Fig. 4. It was observed that with
increase in load, exhaust gas temperature also increases. The exhaust gas temperature decreases marginally with increase
in EGR flow rates. In general due to the EGR there was a reduction in peak co mbustion temperature hence the exhaust
gas temperature drops down which was also due to the replacement of co mbustible mixture by inert gases.
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Fig 4 Exhaust gas Temperature Vs Brake Power
3.4 Smoke Density
Variation of smoke density with brake power was shown in fig 5. Higher smo ke density of the exhaust was
observed when the engine was operated with EGR co mpared to without EGR on diesel. EGR reduces availa bility of
oxygen for co mbustion of fuel, which results in incomp lete combustion and increased formation of PM. The increase in
smoke concentration was due to partial rep lacement of air by exhaust gases, which results in co mbustion instability [14].
The optimu m EGR percentage was found to be 20% for varied load conditions, which gives lesser, smoke co mpared to
diesel and also the NOx reduction was higher.

Fig 5 Smoke Density Vs Brake Power
3.5 Oxides of Nitrogen
Figures 6 indicate the variation of n itrogen oxide with brake power. Generally the NOx emission tends to reduce
drastically with increase in EGR percentage for all load conditions due to the rise in total heat capacity of the wo rking
gases by EGR, which lowers the elevated peak temperature [5, 13]. The NOx emission reduces with increase in EGR
flow percentage this was due to the presence of inert gas (CO 2 and H2 O) in the combustion chamber, wh ich reduces the
peak co mbustion temperature, and also it rep laces the oxygen in the co mbustion chamber. As a result of reduction in both
parameters the NOx reduces drastically with EGR.
3.6 Carbon Monoxide
Fig.7 depicts the variation in CO levels for diesel and biodiesel operation with various EGR levels for different
load conditions. The CO emission at no load and full load was higher. With increase in EGR percentage at no load it does
not have dramatic effect on CO variation. The increase in CO concentration was due to the partial replacement of o xygen
in in let air by inert gas, which results in deficiency in o xygen concentration, thus increasing the concentration [8].
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Fig 6 Oxide of Nitrogen Vs Brake Power

Fig 7 Carbon monoxide Vs Brake Power
3.7 Hydro Carbon
Fig. 8 depicts the variation of hydrocarbon with brake power. The HC variation fo llo ws a close trend with
increase in EGR resulting in increase in HC emission. Reduction in o xygen in the inlet charg e by the EGR ad mitted into
the cylinder makes the HC emission to increase. This was due to oxygen content in biodiesel compensating for oxygen
deficiency and facilitating co mplete co mbustion.

Fig 8 Hydrocarbon Vs Brake Power
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IV.

Conclusion

The present study was carried out on single cylinder DI diesel engine with a design modification to run on
exhaust gas recirculation (EGR) system. The main objective of the present investigation was to ev aluate suitability of
EGR system for reduction of o xides of nitrogen (NOx) of biodiesel fueled diesel engine and also to evaluate the
performance and emission characteristics of the engine with different EGR rates. The experimental results show that with
application of EGR, overall engine performance and emission characteristics with biodiesel and its blends were slightly
better than the diesel fuel. Increase in fuel economy with the reduction in NOx emissions was obtained at EGR rate of
15%. The results obtained both with and without application of EGR, p rove that the Carbon monoxide, hydrocarbon and
smoke density fro m the biodiesel (B20) was found higher than diesel fuel during the who le experimental range. Fro m the
experimental study it can be suggested that, at low loads more than 15% EGR rates can be emp loyed but at h igher loads
maximu m EGR rate was limited to 15% to obtain better results fro m exhaust gas recirculation system.
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