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ABSTRACT

In the present of high energy consumption in every sphere of life, renewable energy sources are emerging as
alternative to conventional fuels for energy security, mitigating green house gas emission and climate change. There
has been a world wide interest in searching for alternatives to petroleum derived fuels due to their depletion as
well as due to the concern for the environment. Vegetable oils have capability to solve this problem be cause they
are renewable and lead to reduction in environmental pollution. But high smoke emission and lower thermal
efficiency are the main problems associated with the use of neat vegetable oils in diesel engines. In the present
work, performance, combustion and emission characteristics of Cl engine fuelled with 5% by vol. Diethyl Ether
(DEE) mixed with Thevetia Peruvina Seed Oil (TPSO). Various performance, combustion and emission
characteristics such as thermal efficiency, and brake specific fuel consumption, volumetric efficiency are measured
and results are revealed that 5% DEE mixed with biodiesel gives improved performance, combustion and emission
characterigtics.
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INTRODUCTION

Energy is one of the major inputs for the econodewelopment of any country. In the case of the lbpieg
countries, the energy sector assumes a criticabiitapce in view of the ever-increasing energy neaedgsliring
huge investments to meet them.

Historically, any change in the prime energy sowta society has resulted in a revolution in fifee $tyle. Thus
domestication of animals and resulting easy aviitialof draft animal power played a key role iratsition from
hunter-gatherer society, where human muscle povas tve only source of energy to the agriculturalietg.

Before the industrial revolution, which began am 290 years ago, people were essentially depemmaentanual
and animal labour. Energy requirements were meutyin food intake. Life was simple and unsophistéidatind the
environment was relatively clean and pollution fréaen in 1785, the invention of steam engine byelaWatt of
Scotland brought industrial revolution. It was theginning of the mechanical age or the age of nmashiThe
advent of internal combustion engine in the latetgenth century gave further momentum to the tr&addually
industrial revolution spread to the whole world dnel need for huge quantity of energy realized.

Discovery of large stocks of coal and steam engaralded the industrial revolution with its mectzaai production
in eighteenth century. Slowly steam boilers andir@greplaced animal draft power, wind mills anderavheels.
Thus were sown the seeds of phenomenal increade inarbon dioxide content of air, and in the ecoies of
nations. The second industrial revolution of nieeth century is usually associated with numerosgsadieries
resulting in technological advances, the two mogidrtant of these being the invention of electyieihd modern
usage of petroleum oil products in internal comiomséngines.
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1.1 INDIAN SCENARIO OF OIL CONSUMPTION

India's demand for petroleum products is likelyise from 97.7 million tonnes in 2001-02 to arodr89.95 million
tonnes in 2006-07, according to projections ofteath Five-Year Plan. The plan document puts comgannual
growth rate (CAGR) at 3.6 % during the plan peribdmestic crude oil proq#ction is likely to rise mgimally from

32.03 million tonnes in 2001-02 to 33.97 milliomi@s by the end of the 1@lan period (2006-07). India’s self
sufficiency in oil has consistently declined froid% in the 50s to 30% currently. Same is expectegbtdown to
8% by 2020. As shown in the figure 1.8, around 3#%ndia’s total oil demand by 2020 has to be metrbports.

Rising petroleum prices, increasing threat to theirenment from exhaust emissions and global wagntiave
generated an intense international interest inldpirgg alternative non-petroleum fuels for engirlesiecent years,
research has been directed to explore plant-basdd &nd plant oils and fats as fuels. Biodieseleiscribed as a
fuel comprised of mono-alkyl esters of long chaattyf acids derived from vegetable oils or animas.fat is
oxygenated, essentially sulfur-free and biodegrkedab

2. LITERATURE SERVEY

The concept of biofuel dates back to 1885 whenRoidolf Diesel built the first diesel compressionitgpn engine

with full intention of running it on vegetative sae (Shay 1993). In 1912, he observed, the usegdtable oils for
engine fuels may seem insignificant today. But sodh may in the course of time become as importsit
petroleum and the coal tar products of present.tidewever, due to cheap petroleum products, awthadsly due

to economic might of the cartels, investigationssoth non-conventional fuels never took off to ofi@y viable

ideas.

In the recent past the search for new source afidsel and their effective utilization had beenoa topic among
the researchers in India and abroad. In the fewsy@aany researchers have taken intensified wotkerfield of
utilization of biodiesel in Cl engine and somelué results are described below.

Several studies have shown significant reductionsmoke and particulate matter (PM) emissions faiesel
engines when oxygenates are blended with conveitidiesel fuels. There is an interest in oxygenades fuel
properties such as hydrogen to carbon ratio, aionsantent, and number of carbon-carbon bonds wsesl as
correlating parameters for smoke formation in lgdrbon flames. All the studies showed a significaduction
in smoke and PM emissions when either pure oxygsnait oxygenate/diesel blends were burned in desghes.
As a compression ignition fuel, DEE has severabfakile properties, including an outstandingmetaumber and
a reasonable energy density for onboard storagkeinaaddition, it is renewable. Hence, it can beduas an additive
to reduce the ignition delay and improve mixturarfation with vegetable oils. Ether-bound oxygennsee to be
more effective in smoke reduction than alcohol-imbwxygen. This research on diesel engines fueldud BEE
mixed biodiesel have revealed that the fuel necty and performance were better than thofediesel
engines without this oxygenate.

Barnwal B K et.al,(2005) explained the prospectbiotliesel production from vegetable oils in Indied reported
that biodiesel production and utilization, resouavailable, process develop/being develop, perfooaaf existing
engine, environmental consideration, the econorspeet and advantages in and barriers to the u&éodiesel
were elaborated.

Bora D K, et.al,(2004) conducted a performance wtan and emission characteristics of a dieselnengsing
mahua oil methyl ester and reported that methydrest mahua oil oilcan be used in the existing eliengine
without substantial hardware modification.

Kumar N et.al.,(2004) reported that fuelling agliete engine with derivative of palm oil had comgale
performance and less emission and suggest to u28%00f biodiesel developed from palm oil in dieselgine
without any difficulty.

Kumar R et.al., (2004) biodiesel from Jatropha asrand Pongamia pinnata was used as fuel in difgction
diesel engine and reported that 20% blend givegeoable performance and less emission.

Leenus Jesu et.al., (2005) conducted Performargemmssion characteristics of a Cl engine fueletth wsterified

cottonseed oil and reported that engine exhibitedrg good performance without any problems of costion and
suggested to use ethyl ester of cotton seed ailadi®rnate fuel for diesel engine.
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Ramadhas A S et.al.,(2004) conducted a review @naiisvegetable oils as IC engine fuels and repotied
production and characterization of vegetable oilvall as the experimental work carried out in vas@ountries in
this field. Also, the scope and challenges beirgdan this area of research are clearly described.

EXPERIMENTAL SECTION

In the present work, an attempt has been madettacexil from “MANJARALI SEED (Thevetia Peruviana)”. Di-
Ethyl ether mixedrhevetia peruviana seed oil (TPSO) was prepared using trans-estdiditdechnique. Properties
of the biodiesel were found as per the ASTM stathdBerformance, combustion and emission charatitsrisf Cl
engine fuelled with 5% by vol. Diethyl Ether (DER)ixed with Thevetia Peruvina Seed Oil (TPSO). Various
performance, combustion and emission charactegissiech as thermal efficiency, and brake specifiel fu
consumption were measured. Results are reveale&¥dEE mixed with biodiesel gives improved penfiance,
combustion and emission characteristics.

Thevetia peruviana (M anjarali) Seed Oil Introduction

Yellow oleanter Thevetia peruviana (Pers.) Merrill], called Manjarali in Tamil Nadws & small ever green tree (3-
4m high) cultivated as an ornamental plant in tapiand subtropical region of the world, includimglia. Fruit
contains 2-4 flat gray seeds, which yield abové litel of oil from 1 kg of dry kernel. This oil iaken up to test the
fuel properties as per ASTM codes. In these planthle cultivated in waste lands. It requires mimmuater when
its growing stage. It start flowering after one anbalf year. After that it blooms thrice every yda hectare 3000
saplings can be planted and out of which 52.5 tofieseds (3500 kg of kernel) can be collected.cdexbout 1750
liters of oil can be collected from a hectare oftedand.

Fig. 2 Thevetia peruviana plant with Fruit

Sodium hydroxide (49g) is added to methanol (200ank) stirred until properly dissolved. The solutisradded to
TPSO (1000 ml) and stirred at a constant rate &€ 66r 1 h. After the reaction is over, solutioraitowed to settle
for 4-5 h in a separating flask. Coarse biodiessgharated from glycerin, is heated above 120°Cnaaidtained for
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10-15 min for removing untreated methanol. Ceriaipurities like NaOH were cleaned two or three tni®y
washing with 50 ml of petroleum ether and 100 mivater for 1000 ml of coarse biodiesel. This clehhmdiesel
was taken up for the study in various blends (B20,840, B60, B80 and B100) with diesel.

Fig.3 Transesterification setup

PROCEDURE

Engine Specification

A two separate fuel tanks with a fuel switchingteys are used, one for diesel (D100) and the ottrebibdiesel
(B100). Fuel consumption is measured using op8ealkor. A differential pressure transducer is usegieasure
airflow rate. Engine is coupled with an eddy cutrdgnamometer to control engine torque through aaemp
Engine speed and load are controlled by varyingit&ti@n current to eddy current dynamometer using
dynamometer controller.

A piezoelectric pressure transducer is installeéngine cylinder head to measure combustion presSignals
from pressure transducer are fed to charge ampléidigh precision crank angle encoder is usegivte signals for
top dead centre and crank angle. The signals flaange amplifier and crank angle encoder are supptiedata
acquisition system.

An AVL exhaust gas analyzer and AVL smoke meterumed to measure emission parameters and smoksityte
respectively. Thermocouples (chrommel alumel) aeduo measure exhaust temperature, coolant tetaperand
inlet air temperature.

Experimental Procedure (Base Line)

» The flow of air, the level of lubricating oil antle fuel level are checked before starting the engin

* First of all base line reading is taken with diesel

e The engine is cranked by keeping the decompressian and the fuel cut off lever of the fuel punmptihe ON
position

* When the engine starts, the decompression levdiségaged and the speed of the engine is increastEsdO
rpm and maintained.

» The engine is allowed to run for 15 minutes to hethe steady state conditions.

Two separate fuel tanks with a fuel switching systee used, one for diesel (D100) and the othebifuttiesel and

it's blends. Fuel consumption was measured usirigapsensor. A differential pressure manometer wsexd to
measure airflow rate. Engine was coupled with adyexlirrent dynamometer to control engine torquagispeed

and load were controlled by varying excitation eutrto eddy current dynamometer using dynamometetrailer.

An AVL-444 exhaust gas analyzer and AVL-437 smoketen were used to measure emission parameters and
smoke intensity respectively. Load was changedivia fevels from no load to maximum load conditioi$e
engine was operated at 1500 rpm for all tests. iSpegre was taken to maintain steady conditiorefary reading.
Performance and emission parameters were measwhkds
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= Brake thermal efficiency (BTE)

= Brake specific fuel consumption (BSFC)

= Volumetric efficiency

All the above parameters were compared with thaiesel operation and analyzed.

RESULTSAND DISCUSSION

Performance and combustion characteristics werestigated on a Cl engine fuelled with blends oétthyl ether
TPSO and diesel. An effort has been put to studyetifiect of combustion characteristics of the Gjiee fuelled
with 20% TPSO blended with diesel.

Performance and combustion characteristics of cessiwn ignition engine using bio diesel as fuedifferent
blending rates analysed. To control the emissit@srauch as NOx and smoke bio diesel is oxygenadid Di-
Ethyl Ether or peroxide.

The CI engine is tested using the following bioséieblends and diesel

- D100 — Pure diesel (Petro diesel)
* B20 — 20% bio diesel

* B40 - 40% bio diesel

* B60 - 60% bio diesel

* B80 - 80% bio diesel

» B100 --- 100% bio diesel

The following observations were taken while testing Cl Engine using Bio diesel with different bdémg rates.

Brake Thermal Efficiency

Figure 4 shows the variation of the brake therrffidiency of the base diesel, TPSO, METPSO and MEDRwith

5%DEE. The brake thermal efficiency obtained witASD is lower compared to that of diesel at fulldlo@he
brake thermal efficiency obtained with diesel is538, and with TPSO, it is 28.2%. The reductionfiiciency in

the case of TPSO is due to poor mixture format®a aesult of low volatility and higher vis@gs which leads
to poor combustion in the case of TPSO. It is plexbthat there is an improvement in the brakentla¢efficiency
with DEE. The DEE mixing with TPSO brake thermdl@éncy at full load is 34.9 %.
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Fig.4 Variation of Brake Thermal Efficiency with Brake Power

When DEE is mixed with B100, it evaporates quickhixes easily with air and forms a homogeneous umgtand
results in combustion, creating a hotter environmenassist the combustion of TPSO, which lead$igher
thermal efficiency.

Brake specific fuel consumption

The variation of the bsfc with the brake powerhiewn in Figure 5. The bsfc of TPSO is higher tHarse of TPSO
with DEE and diesel. The bsfc at full load in TPBQ..25 Kg/ (kW h), compared to that of TPSO witBBof 1.01
Kg/ (kw h) and that of diesel of 0.91 Kg/ (kW h).
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Fig.5 Brake Power Vsbsfc

The increase in the bsfc of an engine fueled by Sdue to low volatility and high density andogsity, which
affect the mixture formation, leading to slow corstion. The injection of a small quantity of DEE lieases the
flame speed of TPSO, which enhances combustiors Esiults in a high-energy output for the same tijyaof
TPSO. Due to this, the BSEC is reduced in DEE coagpwith neat TPSO.

Volumetric efficiency
Figure 6 shows the variation of the volumetric @éfncy with the brake power. It is also observedt trolumetric
efficiency of all fuels decreased with increaséoaf.
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Fig.6 Brake Power Vs Volumetric efficiency

It is observed that volumetric efficiency of TPS©higher than those of TPSO with 5 % DEE and di€Be¢
volumetric efficiency at full load in TPSO is 80%ropared to that of TPSO with DEE is 72 % and thiatiesel is
76.5%. This is due to fact that complete combustibfuel which enhances the combustion temperature.

CONCLUSION

A single-cylinder compression ignition engine wagseated successfully on neat TPSO and TPSO with DEE
injection. The following conclusions are drawn be basis of the experimental results at 3.5 kW:load

* Mixing of 5%DEE with TPSO increases the brake tharaificiency. The brake thermal efficiency is 3. %vith

5% of DEE, with neat TPSO it is 28.2%, and All hiefs had highest value of combustion duration coatto that

of diesel.

On the whole, it is concluded that DEE mixed TP3D be used as a fuel in diesel engines becauseustin
characteristics on the engine was significantlyrionpd.

REFERENCES
[1] Barnwal B K & Sharma M P, 2005) 363-378.
[2] Bora D K, Milton Polly, Sanduja V & Das L M, perfmance evaluation and emission characteristicsdiésel

engine using mahua oil methyl ester (MOME), SAB4- 28-0034.
[3] Kumar N & Dhuwe A, Fuelling agriculture engine willerivative of palm oil, SAR2004-28-0039.

429



S.Varun Ra and A. Muthu Manokar J. Chem. Pharm. Res., 2016, 8(7):424-430

[4] Kumar R, Sharma M, Ray S S, Sarpal A S & Gupta Biddiesel from Jatropha curcas and Pongamia pannat
SAE 2004-28-0087.

[5] Leenus Jesu, Martin M, Prithiviraj D, & Veleppand( Performance and emission characteristics of @nGine
fueled with esterified cottonseed oil, SRB05-26-355.

[6] Rakopoulos C D & Antonopoulos K Aner Conver Manage, 47@2006)3272-3287.

[7] Ramadhas A S, Jayaraj S & MuralidhararRéhew Ener, 29 @004) 727-742.

[8] Ramesh A & Narayana ReddyREenew Ener, 31(2006)1994-2016.

[9] Suryawanshi J G & Deshpande N V, Experimental itigason on pongamia oil methyl ester fuelled diese
engine, SAE2004-28-0018.

430



