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Abstract- Diesel is in vogue as a fuel in transportation sector from a long time. Diesel being a fossil fuel is depleting very
quickly and soon will be scarce enough to be used as a fuel economically. Biodiesels, possessing the properties almost
equivalent to diesel are found to be the one of the prospective alternative choice to substitute the petroleum based fuel. One
such biodiesel is prepared from neem oil. Neem oil, being non-edible oil has very few uses and can be easily found in India
and other south-east Asian countries. Neem oil methyl ester (NOME) is a biodiesel, prepared by the esterification of neem oil.
Diethyl ether (DEE) was also used to blend with diesel and biodiesel separately. Various proportions of diesel, biodiesel and
DEE were investigated in the four-cylinder DI diesel engine. The higher latent heat of evaporation of DEE gives the cooling
effect in the engine cylinder. It contains high oxygen in its chemical composition along with the very low cetane number. Due
to this, the smoke, carbon monoxide (CO) and Nitrogen oxide (NOx) were decreased on its addition. However, unburned
hydrocarbon (HC) emissions were increased. Graphs have been plotted for various engine parameters and emission levels of
diesel and its blends. It has been found that diesel along with DEE has an adverse effect on performance characteristics due to
the large difference in their flash point and improper combustion however biodiesels along with DEE are a good prospective

fuel as it gives very good performance and emission characteristics.
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1. Introduction

Diesel has become an important fuel for the world. Most
of the heavy vehicles use diesel as a fuel. Many stationary
engines also work on diesel. However, it is known that diesel
is a fossil fuel and is deteriorating quickly like other fossil
fuels. Soon, these fuels would become scarce enough to be
used by the masses. Hence, different potential alternative
fuels and additives for diesel have been studied by
researchers around the world. Biodiesel is found to bse one
of the potential alternative of diesel fuel [1][2][3].Vegetable
oils are eco-friendly and are a reasonable diesel substitute
owing to its renewable nature. Many non-edible oils like
Jatropha (ratanjot), karanja (pongamia pinnata), rubber seed
oil, cotton seed oil, mahua oil, neem oil, and waste vegetable
oil have been investigated to suit as a fuel for ClI engine
[41[5]1[6]1[71[81[9]- The increased price of vegetable oil,

which constitutes approximately seventy eight percent of the
expenditure for biodiesel production, is the one of the
hindrance in the development of biodiesel [10]. Biodiesels
have become a more attractive choice as a fuel in recent
years as it is considered as green fuel and is produced using
renewable resources [11]. These oils are the esters of
vegetable oils which are biodegradable and non-toxic in
nature and the answer to the problems caused by the
presently used diesel fuel. These esters, called biodiesels, are
suitable replacement for diesel fuel. A biodiesel is basically a
methyl or ethyl esters of triglycerides prepared from unused
or used vegetable oils or derived from the animal fats [12].

The raw vegetable oil owing to their higher viscosity is
generally not used directly as fuel in diesel engines [9].
Hence, proper atomization of fuel is difficult and may also
clog the injector. Along with these problems it also leads to
poor performance and may cause wear and tear in the engine
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cylinder [13]. Many researchers have already worked on
different kinds of biodiesels and have studied the
performances and emissions while using these biodiesels.
Biodiesels show similar performance characteristics as diesel
while being used in comparable operating conditions [14].
Although Brake specific fuel consumption (BSFC) is more in
for biodiesels, emissions like CO, HC and smoke decreases.
This happens due to the fact that biodiesel consists of oxygen
in their chemical composition. During combustion, this
makes the charge mixture rich in oxygen, and hence, proper
combustion takes place. NOx emission increases in this case
as the adiabatic flame temperature of the engine increases
due high enrichment of oxygen. However this can be dealt by
using proper catalysts assembly [12]. The methanol adoption
as a secondary fuel with biodiesel shows good performance
characteristics and less emissions as related to diesel [15].

Neem oil is extracted by crushing the fruits of the
Azadirachta indica popularly known as Neem. This tree is
commonly found in south Asian countries and has a life
cycle of around 150 to 200 years. 30-50 kg of fruits can be
produced by a mature neem tree [16]. It is estimated that
30,000 tons of neem oil is produced annually in India [17].
Neem Oil Methyl ester is produced from neem oil. NOME
possesses properties similar to other biodiesels [17].
Therefore, it is used in the present study.

The fuel with ample oxygen like Dimethyl Ether (DME),
with only C-O and C-H bonds, and without C-C bonds,
with an approximate oxygen content of 34.8%, helps in
achieving extremely low emissions, like low unburned
hydrocarbon, low carbon monoxide and smokeless emissions
for diesel engines [18]. DME is gaseous in nature. This
makes it difficult to be stored and injected [19].

Diethyl Ether (DEE) has been used in our experiment, as
it possesses the properties which are similar to the DME
[19]. DEE raise the cetane number in the biodiesel blend it is
added. This makes the engine smooth and reduces the wear
and tear. Blends with DEE also possess better emission
characteristics and makes the cold start easier [19]. It was
found in the cost analysis of DEE that production of DEE
costs marginally more than the production of anhydrous
ethanol. Hence, it can be a economical replacement for diesel
[20]. The brake thermal efficiency (BTE) and mechanical
efficiency were reported to be increased with blending of
DEE. The increased concentration of DEE results in high
knocking sounds [21]. However, DEE found to have longer
ignition delay than diesel and biodiesel. This can be owed to
greater heat of evaporation of DEE. This results in
comparatively lesser wall temperature and residual gas
temperature which in turn resulted in lower charge
temperature and hence increases the ignition delay [22].

In the present study, 5% of DEE was added in different
proportion to the diesel and biodiesel separately and its
impact on the performance parameters and emission levels
were studied.

2  Experimental Setup and Methodology
2.1 Preparation of biodiesel

In this process, neem oil extracted from the Neem fruits
was purified to remove any kind of impurity which may be
present in the oil, like dirt, organic material which got mixed
while extraction of oil, etc. Oil was filtered using a cotton
cloth. This filtered oil were than heated to about 60°C in a
biodiesel reactor of capacity 10 liters. Methanol and
potassium hydroxide (catalyst) were then added to this oil in
the proportions of 40% and 0.75% respectively and stirred
well for about 80 minutes. The neem oil through this process
called transesterification results in the formation of Neem Oil
Methyl Ester and glycerol.

The mixture separated down into two distinct layers
when allowed to be still for 15 hours. The NOME and
glycerol were then taken off from the valve provided in the
biodiesel reactor. The NOME was then made to undergo a
washing process in order to remove any unwanted impurity
or unreacted compounds present using heated distilled water.
Water again settled in a different layer and was removed
from biodiesel by heating it to a temperature of 60°C and
biodiesel was cooled down further. The fuel properties were
tested and the comparison of different properties are
presented in Table 1

Table 1. Properties of fuels used

Properties Test Diesel | Neem oil | DEE
Method Biodiesel
Kinematic D445 2.650 4.82 0.23
viscosity at
40°C (cst)
Density at D1298 835 874 715
15°C (kg/m®)
Flash Point D93 65 164 -40[22]
()
Sulphur D4294 0.29 0.02 -
(wt.%)
Net calorific D240 42825 38810 33900
value
(MJ/kg)
Water and D2709 0.01 0.018 -
sediments
(vol. %)

2.2 Experimental test facility and procedure

The experiments were conducted using the engine
of the specifications shown in Table 2. The layout of the
experimental facility is presented in Fig. 1. The engine was
operated with the neat diesel and the blends of NOME
biodiesel and DEE. The tesing of engine was carried out at a
fixed speed of 2000 RPM. The engine was warm up for 10-
15 min before recording the readings. This was done to
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stabilize the engine. The Load was varied in terms of Brake
mean effective pressure (BMEP) of 0.1 to 0.5 MPa. Various
performance and emission parameters were recorded. Smoke
meter and exhaust gas analyzer were integrated to the
exhaust pipe. Smoke emissions were analyzed by AVL 437C
smoke meter. Analysis of exhaust gases was carried out
using AVL 444N Gas analyzer with electrochemical sensors.
The specifications of the smoke meter and the gas analyzer
used are presented in Table 3.

Table 2. Specifications of the test engine

Manufacturer Force
motors
No of Cylinders 4 cylinder and
number and type 4 stroke
Bore(mm) 78
Stroke(mm) 95
Rated speed (rpm) 2200
Rated power (H.P) 27
Compression ratio 18.65:1

Table 3. Specifications of the smoke meter and Gas analyzer

Name of | Range Resolution Uncertainty
equipment
Smoke Opacity 0.1% +1%
meter (0-100%)
Exhaust (6{0) 0.01% +0.7%
Gas (0-15%)
analyzer HC <2000 ppm +0.6%
(0-30,000 1 ppm vol.
ppm) >2000 ppm
10 ppm vol.
NOx 1 ppm vol. +0.7%
(0-5000
ppm)
Smoke
[ Fuel Tank meter
‘\\’cighint__' hul'.mu:] s Exha:st

X
Dvnamometer Gas

)
Engine r"“*
L ]\ ——
H Computer |

Fig. 1. Layout of the experimental facility

\

——— e

———» Air Box
Air flow ;

measurement ]

analyzer
J

Test Bed

Table 4. Nomenclature of fuel

Name of the fuel | Fuel composition

Diesel Diesel 100%
DEE5S Diesel 95%, DEE 5%
B15 Diesel 85%, NOME 15%

B30 Diesel 70%, NOME 30%
B15DEES Diesel 80%, NOME 15%, DEE 5%
B30DEES Diesel 65%, NOME 30%, DEE 5%

3. Results and Discussions

Various combinations of diesel, biodiesel, and diethyl
ether used in the study are presented in Table 4 and based on
their study, the graphs were plotted. Following is the
performance parameters and emission levels analysed for
these blends.

3.1 Brake Specific Fuel Consumption

Brake specific fuel consumption or BSFC is one of the
main performance characteristic for testing any engine which
is the fuel consumed to develop the unit brake power. Fig. 2
presents the effect of load on the BSFC while using diesel,
DEES5, B15, B15DEES5, B30, and B30DEES. As observed
from the figure, for all the tested fuels, BSFC drops on
increasing loads. At first it decreases steeply and then at a
lower rate. For biodiesel blends, the BSFC is higher owing to
the fact that biodiesel has lesser calorific value and hence,
the energy produced is less and it requires more amount of
fuel for same power as diesel [23]. BSFC may also be high
because of the greater viscosity and density of biodiesels.
Hence inappropriate atomization of fuel takes place which
results in poor BSFC [24]. For DEE5 BSFC is more than
Diesel as very low flash point of DEE might have caused the
pre-ignition in the cylinder leading to inappropriate
combustion and lower heating [25]. For B30DEE5 and
B15DEE5, BSFC is slightly lower than B30 and B15
respectively. This is due to high volatile characteristics of
DEE leads to accelerate the mixing of air-fuel mixture and
hence, speeds up the combustion process [22].

0.8
—4—Diesel
| 07 ==DEES
; }_-:' - —-$—B15
ERa —&— B15DEES
| X
| ®05 .o
|25,
e
= 04
|
03 =
0.2
0.1 0.2 0.3 04 0.5
BMEP (Mpa)

Fig. 2. Deviation of BSFC with BMEP
3.2 Brake Thermal Efficiency
Brake thermal efficiency is the measurement to assess
the transformation of fuel energy to output shaft power [24].

Fig. 3 presented the BTE for different blends. Here, it is
clearly monitored that rise in load rises the BTE. It is also
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observed that Diesel has the highest BTE due to its high
calorific value. B30and B15 have lesser calorific value as
compared to diesel [17] and, hence, BTE is lower for B30
and B15 than diesel. This may also be due to the lesser
atomization of fuel, owing to the higher viscosity of
biodiesel [26]. At higher load, it is observed that B3ODEES
and B15DEE5 give slightly higher BTE than B30 and B15
respectively. This is due to the fact that at higher load DEE
becomes a source of oxygen and hence, proper burning
occurs inside the chamber [27]. DEE5 was found to have
lower BTE than diesel due to the difference in the flash
points of DEE and diesel [25]. This may lead to improper
combustion in the chamber and pre-ignition [25].

27
25
23
—$—Diesel
21
. ——DEES
=
<19 ——B15
=
@mi7 SDEES—
15 —8=—=830
13 == B30DEE5
11
01 0.2 0.3 0.4 0.5
BMEP (Mpa)

Fig. 3. Deviation of BTE with BMEP
3.3 Carbon Monoxide Emissions

Carbon Monoxide (CO) is an important emission
parameter as excess of CO in environment has many
negative effects on living organisms and causes respiratory
problems in humans [28]. In the Fig. 4, it is clearly noticed
that CO emissions are highest for diesel at full load. This
happens as incomplete combustion occurs inside the
chamber. B30and B15 have lower CO emissions compared
to diesel as they are rich in oxygen and have a higher cetane
number and hence, combustions occur more easily
[29][30][31][26]. DEE5, B15DEE5 and B30DEES5 show
higher CO emissions at lower load as the vaporization of
DEE requires latent heat which drops the temperature of the
chamber. However, at higher load and temperature this effect
is nullified and the presence of oxygen in DEE causes
combustion more properly dropping the CO emissions in
comparision to diesel, B15 and B30 [27].

0:a ——Diesel
0:044 —+—DEE 5
0.04 —e—B15
0.035 —tdr—B15DEES
0.03 —ill—B30
$0.025 ——B30DEES
o 0.02
u0.015
0.01
0.005
0
0.1 0.2 0.3 0.4 0.5
BMEP (Mpa)

Fig. 4. Deviation in CO with BMEP
3.4 Hydrocarbon Emissions

Hydrocarbons emissions are the records for the left out
unburnt hydrocarbons in the exhaust gases owing to the lack
of oxygen and improper combustion [32]. Hence, the amount
of hydrocarbons is inversely proportional to oxygen and
oxygen content of fuel. The incresed load resulted in higher
HC emissions for all tested conditions. HC emissions of B30
and B15 was found lower than diesel as B30 and B15
contains higher amount of oxygen [33]. It also has higher
cetane number and this lower the combustion delay [34][26]
[23].

In B30DEES5 and B15DEES5, HC emissions are found to
be slightly more than B30 and B15 respectively, even though
DEE enriched the oxygen content in the fuel, as DEE being
volatile helps the evaporation of fuel and made the fuel slip
into the cylinder and accumulation of fuel particles leading to
improper Air/Fuel ratio [22][19].HC emissions are slightly
high for DEE5 compared to diesel for the same reason. The
results were as shown in the Fig. 5.
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Fig. 5. Deviation in HC with BMEP
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3.5 NOx Emissions

NOx emissions have been found to be one of the harmful
pollutants for the environment. Oxides of nitrogen are found
to form acids when it rains leading to corrosion and
destruction of structures [35]. The quantity is found to be
directly proportional to the cylinder temperature and
availability of oxygen in the cylinder [36]. In the
experiments, as shown in the Fig. 6, it was found that B30
and B15 contain more oxygen in its constituents and in the
cylinder which leads to higher quantities of NOx [34]. In
B30DEE5 and B15DEES, it was found that NOx was
decreased in a considerable amount. DEE gives a cooling
effect to the cylinder, and hence, the NOx emissions are
found to be lesser than the blends in which it is not present.
DEE also improves the cetane number which helps in
reducing the in cylinder temperature of the engine [27][19].
This also helps in reducing the temperature of cylinder and
lowers NOx. In B30 blend, NOx emissions were found to be
highest, followed by B15. In B3ODEES5, NOx emissions were
lower than diesel and in B15DEES5 the emissions lowered
further. DEE shows a similar behavior on addition in diesel,
i.e., NOx emissions decrease in the case of DEES.

1000
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100 -
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BMEP (Mpa)
Fig. 6. Deviation in NOx with BMEP
3.6 Smoke

Smoke has been found to be inversely related to the
presence of oxygen inside the cylinder as the smoke is
present due to the incomplete combustion of charge [12]. As
shown in Fig. 7 with the rise in load, smoke emission rises
for all blends of fuel. In case of neat diesel, it was found that
smoke was the highest. Where as For B30 and B15, it was
found that smoke was reduced due to the presence of oxygen
in it [34] [37]. For the blends B30DEE5 and B15DEES, it
was found that smoke was slightly less at lower loads than in
B30 and B15 respectively. At higher loads, oxygen supplied
by DEE helped in proper combustion and smoke emissions
became fairly less in BISDEE5 an B30DEES5 compared to
B15 an B30 respectively [27][38]. Smoke emissions in DEE5
are more than in B30DEES5 and B15DEE5 as oxygen content
in the latter are more than in the former. Hence, proper
combustion takes place.
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Fig. 7. Deviation in smoke with BMEP
4. Conclusion

The paper analyses the addition of DEE (Diethyl ether)
to diesel and NOME blends separately. It was seen that
BSFC was more for the blends containing biodiesels and
DEE as compared to neat diesel, whereas, BTE is lesser than
diesel. DEE addition to diesel leads to increased BSFC and
reduced BTE whereas it was found that BSFC decreases and
BTE increases when DEE was added to B15 and B30. CO
and smoke emissions showed reduction with the addition of
DEE to diesel and biodiesel blends. This may be due to the
higher oxygen contents of the fuel leads to proper burning.
NOx emissions were reduced substantially with addition of
DEE to diesel and biodiesel blends. High cetane humber of
DEE and the cooling effect given by DEE are the main
reason behind it. Hence, it can be concluded that DEE as an
additive can be of helpful in reducing various emissions
except HC from the exhausts and its addition in biodiesels in
future would make a good prospective fuel.
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