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Abstract - the global consumption of fossil fuels is
increasing rapidly, and it affects the environment through
greenhouse gases inflicting health issues. Biodiesel
encompasses a nice potential to cut back environmental
pollution and additionally as an alternate fuel for diesel
engines. Cotton Seed oil (Ceiba Pentandra) is one various
which will be used as a substitution fuel. There are many
benefits of exploitation Cotton Seed oil as a substitute fuel that
are turn out a low level of waste, secure availability, may be
used for diesel engines with less or no modification and insure
mixes will increase engine lubrication that should increase
engine life. A methyl ester of cottonseed oil was prepared and
blended with diesel in four different compositions varying from
5% to 20%.Tests were conducted in a single cylinder variable
compression ratio diesel engine at a constant speed of 1500
rpm. Highest brake thermal efficiency and lowest specific fuel
consumption were observed for 5% biodiesel blend for
compression ratio of 15 and 17 and 20% biodiesel blend for
compression ratio of 19. It is observed that B20 blend may
replace diesel fuel without modifying engines to produce
cleaner exhaust emissions. Exhaust gas recirculation (EGR) is
one of the useful technologies to reduce the NOx emission of a
diesel engine. As higher NOx emission and higher brake
specific fuel consumption are main challenges for effective
utilization of biodiesel fuel in a diesel engine, there is alarming
need to find out the long term solution to reduce NOx emission
for better utilization of biodiesel fuel in a diesel engine.
Exhaust gas recirculation (EGR) is one amongst the helpful
technologies to scale back the Nox emission of a diesel engine.
However, CO and HC emissions slightly raised with exhaust gas
recirculation.
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1. INTRODUCTION

With recent increases in petroleum prices, there is renewed
interest in vegetable oil and their derivatives as alternative
fuels for diesel engines. There are more than 350 oil-bearing
crops identified, among which only sunflower, safflower,
soybean, cottonseed, rapeseed and peanut oils are
considered. The major problem associated with the use of
pure vegetable oils as fuels, for Diesel engines are caused by
high fuel viscosity in compression ignition and resulting
injector fouling and other engine problems. The

disadvantages of vegetable oils as diesel fuel are: (a) higher
viscosity, (b) higher pour point, (c) higher flash point, (d)
higher cloud point, (e) higher density as potential alternative
fuels for diesel engines [1]. The viscosity of vegetable oil is
about ten time’s higher than that of diesel. Therefore, the
vegetable oil cause poor fuel atomization, incomplete
combustion and carbon deposition on the injector and valve
seats resulting in serious engine fouling [2].

The ethanol and biodiesel are the two liquid bio fuels which
will replace/substitute gasoline /diesel severally. Production
and utilization of the bio fuel would generate the of recent
economic opportunities in term of creation of job
opportunities in rural areas additionally to the protection of
the environment [3].Biodiesel and ethanol derived from
biomass feed stocks will offer different substitute of petro
diesel and gasoline severally. The current paper are
restricted only to the biodiesel diesel substitute. Biodiesel
will be obtained from variety of edible and non-edible oil
resources and major thrustis given for the use of non-edible
seed plant. The oil from these plants will be transesterified
by appropriate technique depending on its FFA content for
the assembly of biodiesel which will be accustomed operate
a Cl engine. The current paper attempts to review the work
on the performance of diesel engine using biodiesel-diesel
blends as well as blend of diesel with various oils [4]

Due to a lot of utilization of fossil fuel resources, there's
would like of alternating sources of energy to fulfill the
necessity of the planet. As per the emission point of read and
the worlds demand, there's have to be compelled to look
forward for alternating fuels because of depleting issues of
fossil fuel. Biodiesel production from edible and nonedible
Substance and its use is advantageous as per environmental
and energy concern. Bio-fuels are made primarily from food
crops. Bio diesel is clean energy source which may replace
the base diesel fuel. Similarly, the emissions from fossil fuel
result on human health, global warming and air quality. The
advantages of this fuel are advantageous and may get used
by the industries and many transport system [5].It has
observed that emissions from diesel engine is less but it
emits more NOx than other emissions, hence in order to
meet environmental legislation it is necessary to reduce NOx
in the exhaust gas. In the present survey it has also found
that, with the utilization of exhaust gas recirculation there is
scope of reduction in the emissions coming out from the
compression  ignition engine.[4]The exhaust gas
recirculation (EGR) technique is gaining widespread use as
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one of the most efficient methods or techniques for reducing
emissions and particulate matter (PM) effluents from diesel
automobiles, particularly nitrogen dioxide (NOX), carbon
monoxide (CO), and hydrocarbons (HC).[6]The potential
techniques available for the reduction of NOx from diesel
engines using EGR. The effect of EGR are depletion of oxygen
in the intake charge, increased intake temperature due to
mixing with EGR, increased specific heat of intake charge,
recycling of unburned hydrocarbons (opportunity for re-
burn). EGR controls the NOx because it lowers oxygen
concentration and flame temperature of the working fluid in
the combustion chamber. The recirculated exhaust gas
displaces fresh air entering the combustion chamber with
carbon dioxide and water vapor present in engine exhaust.
As a consequence of this air displacement, lower amount of
oxygen in the intake mixture is available for combustion.
Reduced oxygen available for combustion lowers air fuel
ratio [7]

Nomenclature
BD biodiesel
CSO cotton seed oil
co carbon monoxide
NOx oxides of nitrogen
Cco2 carbon dioxide
HC hydro carbon
EGR exhaust gas recirculation
BTE bake thermal efficiency
VCR variable compression ratio
FFA Free Fatty Acids
COME Cottonseed oil methyl ester

1.1 Exhaust gas recirculation

There are various ways in which in which the emissions
from the exhaust of associate engine is reduced. The fuel
that's being handled is Biodiesel. A method of reducing Nox
is by utilization of Exhaust Gas Recirculation (EGR) wherever
exhaust gas coming back from engine exhaust manifold is
given to inlet manifold in order to reduce Nox. Once a part of
this exhaust is recirculation then it works as diluents to
combustion mixture. Attributable to high specific heat of
exhaust gas than fresh air, it will increase the temperature of
intake fresh charge as a result it decreases the temperature
rise for the similar. So the pollutants like HC, CO andCO2
aren't formed however traces of HC and CO are shaped due
to the burning of lubricating oil within the combustion
chamber. Then the most pollutant formed from the biodiesel
operated engine is Nox. The most supply for the formation of
Nox is peak combustion temperature within the combustion
chamber, the provision of oxygen and the continuance. [3,8]
Exhaust gas-largely carbon dioxide and water vapor—has a
higher specific heat than air, will Serve to lower peak
combustion temperatures. However, adding EGR to a diesel
reduces the specific heat ratio of the combustion gases in the

be extracted by the piston. EGR also tends to reduce the
amount of fuel burned within the power stroke. This is
evident by the increase in particulate emissions that
corresponds to an increase in EGR. Particulate matter
(mainly carbon) that's not burned within the power stroke is
wasted energy stricter regulations on Particulate Matter
(PM) call for further emission controls to be introduced to
compensate for the PM emissions introduced by EGR.

2. METHODOLOGY

2.1 The raw cotton seed oil was extracted by mechanical
expeller during which little traces of organic matter, water
and different impurities were present.

o
N,t|; o é—% tl'.lv HaC—OH
HC—0—C> 4+ 3CHOH =——— JR—C—OCH, *+ HC—OH
N,lI:—O—C—RR HC—OH
g

Inglycende Methmnol Bio-deesel Glyceral

Figure 1.Transesterification Reaction

Transesterification may be a most typical and well
established chemical reaction within which alcohol reacts
with triglycerides of fatty acids (vegetable Oil) in presence of
catalyst to make glycerol and esters. The reaction is shown
in Figure-1.Experiments were conducted in a laboratory
setup consisting of heating mantle, reaction flask (made of
glass), separating funnel and mechanical stirrer. A spherical
bottom flask of two liters was used as laboratory scale
reactor for the current analysis. It consisted of three necks.
One for stirrer, the others for condenser and inlet of
reactants, similarly as for placing the thermocouple junction
to observe the reaction temperature. The flask has stopcock
atthe bottom for collection of the final product. The progress
of the reaction was observed by measurement the acid value.
Within the course of the test, it was observed that the
suitable quality of bio- diesel may be made from cotton seed
oil in both acid catalyst esterification and alkaline catalyst
esterification.

2.2 Esterification procedure

The cotton seed oil within the flask was heated on a heating
mantle with a mechanical stirrer arrangement. The mixture
(methanol and cotton seed oil) was continuously stirred
within the air closed reaction flask for two h at 65°C with a
stirring speed of 450 rpm. The temperature within the
apparatus should be maintained simply higher than the
boiling point of alcohol i.e, 65°C to accomplish the reaction.
Alcohol in vegetable oils affects the conversing on efficiency
of the process. For the stoichiometric transesterification,
three mols of alcohol are needed for every mole of the oil.
However, in practice, the molar ratio should be higher than
this theoretical ratio in order to derive the reaction towards
early completion. sulphuric acid is employed as catalyst

power stroke. This reduces the amount of power which will
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within the acid-catalyst pretreatment. Through an
experimentit's optimized that 1 chronicles by volume of the
sulphuric acid and a molar ratio of 6:1 gives the maximum
conversion efficiency. The products of the first stage are
used as input for alkaline method. A molar ratio of 9:1 and
1.5% by weight of NaOH is found to give the maximum ester
yield. With the completion of the reaction, the products were
allowed to separate in to 2 layers. The lower layers
contained impurities and glycerol. The top ester layer is
separated and refined by using H20 (10% by volume). Hot
H20 is sprayed over the ester, stirred gently and allowed to
settle within the separating funnel. after washing, the final
product was heated up to 70°Cfor 15 min under vacuum
condition resulting in a clear amber light yellow liquid with a
viscosity similar to diesel and then stored for further use The
summary of esterification process, settling and washing is
illustrated in Figure-2.[9-10]

Alcohol + Catalyst
{Methyl Alcohol) (KOH)
Heating and stirring

Vegetable oil (Cotton Seed) [ in reactor (70°C)

Esterification Glyeerol

v

Sulfuric Acid Washing distillation water and Air

Drying —» Cotton Seed Oil

|, Methyi Ester

Figure 2. Esterification procedure
2.3 Characterization of cotton seed oil

The supply of cottonseed oil is cottonseed that may be a crop
by product. it's essentially a triglyceride ester with variety of
branched chains of 8-18 carbon atoms. It contains 85.3%
fatty acids. Fatty acid composition of the oil is important to
determine the number of reactants and the catalyst. FFA
(Free Fatty Acids) is determined from the acid value. It's
been stated that the acid value of the vegetable oil should be
less than one for a base catalyzed transesterification method
from earlier studies. The many properties of cotton seed oil
are found throughout this investigation. The resultindicates
that, transesterification has improved the necessary fuel
properties like specific gravity; viscosity; flash point; and
acid value. The viscosity considerably got reduced.

The result indicates that, transesterification has improved
the necessary fuel properties like specific gravity; viscosity;
flash point; and acid value. The viscosity considerably got
reduced from a value of 50 to4.2 mm 2 /s (approximately one
11th of initial value). The calorific value of methyl ester is
less than that of diesel because of its oxygen content. The
flash point temperature of CSO and come is higher than the
pure diesel fuel. The high flash point temperature of come is
a useful characteristic, because the fuel is safely stored and
transported at the room temperature. The cetane number
(CN) of come prohibits its direct use because the various fuel
in diesel engines, however it may well be employed in blends
with the pure diesel fuel, because most of the determined
properties of the a COME-diesel blended fuels were terribly
close to the diesel oil. The ultimate structure beside formula,
exact mass, molecular weight and elemental analysis is given
by CHEMOFFICE software as shown in Figure-3. [9-10]

ﬁ
HC C——CysHay
2 | ~ _ _— 1sHs
(o)
HT_O_’C_‘CHJ'*“CH—_CH-—4CH~,),-—'CH,
CIH, o
O——C——(CHa)y—— CH=== CH—— CHj—— CH=—=CH——(CH)y——CHx
o]
Chemical Formla: CgeH 0004
Exact Mass: 856.75
Molecular Weight: 857.38
mvz: 856.75 (100.0%), 857.76 (60.9%), 858.76 (19.4%). 859.76 (4.3%)

Elemental Analysis: C, 77.05, H, 11.76: O, 11.20

Figure-3 Schematic diagram showing molecular structure
raw cotton seed oil.

3. EXPERIMENTAL SET- UP
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Model TV1, Water cooled

© 2019,IRJET | ImpactFactor value: 7.211

ISO 9001:2008 Certified Journal | Page 1814



‘// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

www.irjet.net

p-ISSN: 2395-0072

IRJET Volume: 06 Issue: 07 | July 2019
No.of Cylinder 1
No of Stroke 4
Fuel Diesel
Power 3.5 KW at 15000 R.P.M.
Stroke Lenth 110 mm
Bore 87.5 mm
Compression Ratio 12 to 18:1
Volume 661 c.c.

3.1 Properties of Cotton Seed 0il

Properties Diesel Cotton seed oil
Kinematic
viscosity at 2.68 55.61
40 °c (cst)
Density at 15 °c
828 912
(kg/m3 )
Flash point (°c) 56 207
Calorific value
. 43000 40,000
(kj/kg)
Sp.gravity 0.835 0.850
4. RESULT
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5. CONCLUSIONS

L From Graph 1, itis observed that The Brake specific
fuel consumption for diesel,B2,B10,B100 decreases
because of complete combustion of fuel and for
B5,B15 firstly it decreases and then increases. It can
also be seen that B.S.F.C for blend B2 is less as
compared to the diesel, biodiesel and other blends
and also the B.S.F.C. for blend B10, B100 is higher
than diesel.

II. From Graph 2, itis observed that with
implementation of EGR technique. The Brake
specific fuel consumption for diesel,B2,B5,B10,B15,
and B100 decreases because it can found the higher
thermal efficiency at low B.S.F.C. from the Graph 4
and also the B.S.F.C. with EGR is greater than B.S.F.C.
in case of conventional system due to dilution of the
charge. Upon sending exhaust gas along with the
intake air, the amount of intake air will be
decreased, and lead to high fuel consumption

I1L. From Graph 3, itis observed that the brake thermal
efficiency improved with increasing concentration
of Bio-Diesel in blend due to improved thermal
efficiency observed with oxygenated fuel. All Bio-
Diesel blends have higher thermal efficiency than
base line data Diesel. It can also be seen that the
brake thermal efficiency for blend B2 is higher than
other biodiesel blends and for pure biodiesel B100
it is less compare to the diesel since it has low
calorific value as compare to diesel and other
blends.

V. From Graph 4, it is observed that at low EGR flow
the brake thermal efficiency found to be higher with
EGR technique.

V. From Graph 5, Itis observed that there is slight
variation in the mechanical efficiency of biodiesel
and Bio-Diesel blend as compared to diesel as a fuel
also the mechanical efficiency for blend B2,B5 is
slightly higher than other blends and diesel

VI. From Graph 6, it is observed that the mechanical
efficiency of diesel, biodiesel and biodiesel blend is
not much affected by the EGR technique
From Graph 7, it is observed that the brake power
of various fuels increases with the increasing load.
From Graph 8, it is observed that with
implementation of EGR Technique the brake power
of various fuels also increases with increasing load
but the brake power produced by the engine at
output shaft of engine is less in EGR technique as
compared to without EGR technique due to the
dilution of the fresh charge with the exhaust gas
which results in lower flame velocity and hence
deterioration of the combustion.

IX. From Graph 9, it is observed that the percentage
of NOx produced by the diesel without EGR
technique is less as compared to the biodiesel and
various biodiesel blends. Also drastic reduction of

VIL

VIIL

NOx was found with implantation of EGR
technique due to the reduced peak combustion

pressures and temperature (i.e. below 1200°C)

X. From Graph 10, itis observed that the percentage of
HC produced by the diesel without EGR technique is
less as compared to the biodiesel and various
biodiesel blends. Also it can be seen that there is
increment of HC with implantation of EGR
technique due to the presence of exhaust gas
impedes the burning rate.

XI. From Graph 11, itis observed that the percentage of
CO produced by the diesel without EGR technique is
less as compared to the biodiesel and various
biodiesel blends. Also it can be seen that there is
increment of CO with implantation of EGR
technique due to the lower excess of oxygen
available for combustion.
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