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INTRODUCTION

In the modern-day world, depleting conventional
energy sources, surging crude oil prices, increasing envi-
ronmental concerns have necessitated to main focused on
the other source of alternative fuels. India imports petro-
leum products percentage is around 70-80% costing is
about 70-80 thousand crores per year as reported by Ashok
et al. [1]. The Indian government has recently made a sig-
nificant decision to incorporate biodiesel derived from
non-edible oil seeds into diesel fuel blends. This move
highlights the recognition of biodiesel as a promising alter-
native energy source. By utilizing non-edible oil seeds, the
government aims to promote sustainable and environ-
mentally friendly practices in the country’s energy sector
mentioned by Murugesan et al. [2]. In the past two to three
decades, researchers have dedicated significant attention to
exploring various feedstocks and production techniques for
biodiesel. Studies have demonstrated the successful utiliza-
tion of biodiesels derived from sources such as corn seed,
jatropha, rape seed, mahua seed, tamarind seed, sunflower,
and soybean in diesel engines, as reported by Sahoo et al.
[3]. Dhana Raju et al. [4] used tamarind seed biodiesel in
CI engines and recommended the 20% tamarind biodiesel
blend for diesel engine applications. Similarly, Dhana Raju
et al. [5] found that TSME20 blend shows the better ther-
mal efficiency as 1.17% higher than diesel fuel and engine
exhaust emissions were significantly reduced at full load.
Further, the use of fuel additive (NAA) has reduced the
smoke density by 29.49%. Dhanasekharan et al. [6] used
n-pentanol as fuel additive to the yellow grease oil and per-
formed tests on CI engine and they inferred that BTE was
slightly improved and engine emissions were reduced sig-
nificantly. Yamini et al. [7] observed that DMC10% blend
gives the best result in performance parameters and reduce
emissions like CO, CO,, and Smoke at 100% load. Dhana
Raju and Kishore [8] investigated the 20% tamarind blend
and diesel as base fuel at constant speed and varying load
conditions. They found better results with TSME20 and
the use of EGR 10% has shown major reduction of NOx
emissions.

Kumar et al. [9] explored the effects of blending palm
biodiesel with diesel fuel on various aspects of diesel engine
performance. The study specifically examined different
injection timings and at different EGR rates. Remarkably,
the findings unveiled that employing an advanced injection
timing in combination with a 10% EGR rate yielded excep-
tionally promising characteristics for the diesel engine. This
innovative approach showcases the potential of palm bio-
diesel as a positive approach in optimizing engine efficiency
and reducing emissions. Das and Lingfa [10] studied differ-
ent nahar biodiesel blends at standard operating conditions
of CI engine, and they found for 10% nahar biodiesel was
1.08% drop in BTE and 5% increment in BSEC at full load.
Emission parameters show reduction in hydrocarbons and
carbon monoxide at maximum load over base fuel. Table 1
shows the summary of different fuel additives explored in
the existing literature [11-16].

Singh et al. [17] analyzed the effect of alcohols in diesel
engines. In their observation isopropyl alcohol blends are
prepared as 5%,10%,15%,20% on volume basis. Experiments
are conducted on single cylinder unmodified diesel engine.
The results show that the brake thermal efficiency was
increased slightly for the last two blends (15% & 20%). And
there was a significant reduction in oxides of nitrogen emis-
sions. The CO, % was decreased with an increased percent-
age of isopropyl alcohol. Atmanli et al. [18] studied ternary
blend usage on performance and emissions and impact of
a blend using response surface methodology. The results
indicated that the blend of diesel-butanol-cotton oil mar-
ginally increased BSFC and decreased major exhaust emis-
sions. Karthikeyan et al. [19] reported about use of water
hyacinth biodiesel shown reduced BTE and increased BSEC
at all load conditions. The authors were concluded that
20WHB+80D (20% water hyacinth biodiesel+ 80% diesel)
blend is one of the best alternative feed stocks for diesel
engine applications. Reddy et al. [20] focused on explora-
tion of various cord seed biodiesel blends on diesel engine
applications. From the results, it was found that CSME20
(20% Corn seed methyl ester) shows increased thermal effi-
ciency and SFC (Specific Fuel Consumption) at maximum
load. Prabhu and Venkata Ramanan [21] studied the CI
engine fueled with pentanol at various levels like 15%, 20%

Table 1. Effect of fuel additives on the characteristics of diesel engine

Authors Type of fuel ~Additive concentration Findings
additive
Wei et al. [11] n-pentanol 10%, 20%, 30% 1'BSFC, HRR, UHC, NOx and CO | PM concentration
Karabektas and Hosaz [12] Isobutanol 5%, 10%, 15% and 20%  1BSFC, HC| BTE, CO, NOx
Dogan [13] n-butanol 5% I'BSFC, BTE, HC | EGT, SO, NOx, CO
Manickam et al. [14] DEE 5%, 10%, 15% 1BTE, CO,|BSFC, NOx, CO and SO
Kaimal and Vijayabalan [15] DEE 5%, 10% and 15% 1BTE, HC| CO, NOx and SO
Pandian et al. [16] DMC 5% and 10% VBTE, HC, NOx, CO, and Smoke.

Note: {indicates increases | indicates decreases.
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and 35% respectively. The addition of pentanol has shown
improved fuel properties and diesel engine smooth opera-
tion results in improved engine performance.

Kumar et al. [22] found that the characteristics of bio-
diesel can be improved by incorporating additives like
oxygenated additives, metal-based additives, antioxidant
additives, and cetane number improvers. They concluded
that the use of fuel additives is strongly recommended for
biodiesels as it enhances combustion parameters. Yesilyurt
and Aydin [23] studied the effects of addition of alcoholic
additives to biodiesel at different ratios to a diesel engine
were examined. Blending is a common practice to enhance
the properties of biodiesel and make it more suitable for
use in existing diesel engines and infrastructure. Blending
isobutanol with biodiesel can help improve the cold flow
properties of the biodiesel. Further, isobutanol is more
compatible with biodiesel and petroleum diesel than some
other alcohols. This compatibility can lead to better stabil-
ity and less separation in the blended fuel, ensuring a more
homogeneous mixture. Isobutanol has a higher energy
content per unit volume compared to ethanol. This can be
advantageous when blending with biodiesel, as it allows for
increased energy density in the final fuel blend.

Saha et al. [24] studied the characteristics of diesel
engines operated with waste cooking biodiesel. They per-
formed all the tests on diesel engines at ideal operating
conditions. From their results, they inferred that BTE was
slightly reduced, and exhaust emissions were drastically
reduced by 58.73%, 14.26% and 34.61% of HC, CO and
smoke opacity respectively at full load over diesel fuel. Raj
et al. [25] examined the characteristics of diesel engine run
with Jojoba biodiesel with coir pith gas at different load
conditions. They found that significant reductions of NOx
and smoke opacity when diesel engine were run in dual
fuel mode with producer gas flow rate of 21.69 kg/hr at
full load. However, there was marginal increments of HC
and CO. Sarkar et al. [26] performed tests on diesel engine
using two different nonedible oil along with diesel at ideal
operating conditions. From their test results, they inferred
that BTE was increased by 2.18% and drastic reduction of
smoke emissions by 11.64% at full load for the post injec-
tion of biodiesel when compared to diesel. Adhinarayanan
et al. [27] examined the use of decanol and Di-n-Butyl
Ether as fuel additives for the biodiesel blends and they
found enhancement in engine performance and significant
reduction in harmful exhaust emissions at full load. Reddy
et al. [28] studied the effect of decanol as fuel additive to the
mango seed biodiesel and the application of 10% decanol
to the MSME20 blend was shown 3.2% increment in BTE
when compared to MSME20 blend at full load. Jayabal et al.
[29] found the application of combined effect of oxygenated
fuel additives have shown drastic reductions in CO, HC and
smoke emissions without much loss of engine brake ther-
mal efficiency at full load. Reddy et al. [30] also studied the
effect of engine operating conditions like EGR and injec-
tion timing to enhance the diesel engine attributes and they

found advanced injection timing with 10% EGR has shown
improved diesel engine parameters and significant reduc-
tion of engine tailpipe emissions.

Mohamad et al. [31] reviewed the effect of Ethanol-
gasoline blends on the attributes of diesel engine and found
that the use of ethanol in gasoline blends were shown signif-
icant reduction of exhaust emissions at full load. Through
a comparison of performance, combustion, and emission
parameters, it was observed that the presence of DEE in
biodiesel blends had a positive impact on engine perfor-
mance parameters. From the overall detailed existing liter-
ature, it is found that 20% blend of different biofuels with
diesel can be smoothly operated on diesel engine. Also, this
research investigates the impact of diethyl ether (DEE) and
isobutanol additives on a 20% blend of subabul seed bio-
diesel-diesel fuel. The study explores the attributes of a die-
sel engine, focusing on improved engine performance and
reduced harmful emissions resulting from the application
of these fuel additives.

MATERIALS AND METHODS

Subabul Biodiesel Preparation and Its Availability

Subabul tree or leucaena leucocephala mainly belongs
to southern Mexico and northern central America. This
tree also has common names as white lead tree, river tam-
arind and pearl white etc. Subabul is cultivated in the trop-
ics as a fodder plant and subabul wood is mainly used in
paper production industries. For this purpose, hectares of
subabul trees are planted in dry waste lands. This tree has
white flowers tinged with yellow resembling mimosoid and
long pods.

. —_— | warn t
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Figure 1. Biodiesel production through transesterification
method.
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These pods contain the seeds in dark brown shading.
It might contain the oil yield as 20-32%. Saturated acids
comprise 26-29% and unsaturated acids comprise 71-73%.
Subabul seed oil was generally extracted using mechanical
pressing operation. The crude or unrefined subabul seed oil
has some drawbacks like high density, high viscosity, and
unstable nature. So, to overcome these problems transes-
terification technique is used. In the biodiesel preparation
procedure, 1000ml of Leucaena crude oil is combined with
300ml of methanol and 14g of potassium hydroxide (KOH)
alkaline catalyst in a container for transesterification, as
shown in Figure 1. The process employs KOH as the cata-
lyst, a reaction temperature of 70°C, a response time of 180
minutes, and a stirring speed of 500 rpm. After 24 hours of
settling, the final product is transferred to a separating flask
where the by-product glycerin separated from the biodiesel,
and it is found 90% biodiesel yield is obtained from this
technique.

Fuel Additives (or) Ignition Improvers

The test results of SSME10, SSME20 and SSME30 are
presented in Table 2. From the base tests, it is noticed
that SSME20 demonstrates superior performance and
lower engine exhaust emissions. Consequently, SSME20
is selected as the optimal blend. Fuel additives, such as
dimethyl carbonate, diethyl ether, dimethyl ether, dime-
thoxymethane, 1-pentanol, isobutanol, decanal, octanol,
dimethoxy propane, methanol, and ethanol, have been uti-
lized by researchers (Ashok et al. [1]; Dhana Raju et al. [8];
Manickam et al. [14]) to improve fuel characteristics and
reduce emissions. In this study, diethyl ether (DEE) and

isobutanol are chosen as fuel additives for the optimum
blend, with their properties outlined in Table 3.

Experimental Setup

The experiments were conducted on a Kirloskar agri-
culture diesel engine loaded with the use of eddy current
dynamometer (Fig. 2). Tests were performed at a constant
speed with varying load conditions (0%, 25%, 50%, 75%,
and 100%). Calibrated instruments were used, and the
fuel's mass flow rate was determined through glass tube
measurements. Each test was repeated at least three times
for accuracy. The data acquisition system recorded com-
bustion data (heat release rate, cylinder pressure, ignition
delay), exhaust parameters (CO, HC, NOx emissions), and
performance parameters (BTE, BSFC). Smoke intensity

Table 4. Specifications of test apparatus

Engine type Kirloskar TAF1, Diesel engine
Engine power/Speed 4.4kW/1500 rpm

Stroke 110 mm

Diameter 87.5 mm

Displacement Volume 661 CC

Compression Ratio 17.5:1

Injection Timing 23°BTDC

Orifice diameter 20 mm

Injection pressure 220 bar

Type of injection Direct injection

Table 2. Experimental results of a subabul seed biodiesel blend

Fuel Performance Combustion Emissions
BTE BSFC Pressure HRR (J/deg) CO HC NOx SO
(%) (kg/kWh) (bar) (%) (ppm)  (ppm) (%)
Diesel 33.92 0.24 68.68 73.55 0.218 82 2024 69
SSME10 30.03 0.29 64.85 69.42 0.307 72 1951 68
SSME 20 30.68 0.28 65.95 70.13 0.231 77 2131 67
SSME 30 29.21 0.30 63.63 68.98 0.331 74 1905 70
Table 3. Fuel properties of diesel, fuel additives and subabul biodiesel
Properties Diesel SSME SSME20 DEE Iso-butanol
Calorific value(kJ/kg) 42,500 37227 41,554 33,900 33,000
Specific gravity 0.830 0.875 0.840 0.718 0.810
Kinematic viscosity(cst) 3.05 3.64 2.64 0.23 0.25
Flash Point (°C) 56 85 62 34 35
Fire Point (°C) 62 92 76 38 39
Cetane number 49 53 51 125 22
Stoichiometric ratio 15:1 14:1 13:1 9:1 12:1
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Figure 2. Schematic view of experimental engine setup.

was measured using a smoke meter, and an AVL multi-gas
analyser was used for exhaust emissions. See Table 4 for the
specifications of the diesel engine test rig.

Uncertainty analysis

Uncertainty analysis was conducted to enhance the
accuracy of the experiment by addressing errors and devi-
ations that may arise from changes in the atmospheric
conditions. Prior to the experiment, thorough calibration

™
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more precise and accurate readings. Table 5 presents the
uncertainty, accuracy, and range of used instruments in
this study. The overall uncertainty of the net experimental
investigation is 2.15% and it is well within acceptable limit.
The equation (1) for the uncertainty of the overall exper-
imental test, incorporating the square root method sug-
gested by Holman [32], can be rewritten as follows:

A= \[(BTE)>+ (BSFC)>+(CP)*+(HRR)*+(COY>+(HC)*+(NOx)*+(SO)

of the test engine and all relevant devices was performed. = J(0.25)2 (0.5)2H(1)H(1)™+(0.1)>+(0.2)>+(1)*+(1)? (1)
Investigating uncertainty analysis is crucial for obtaining =+2.15
Table 5. Uncertainty, accuracy, and range of various instruments
Instrument Measurement Range Accuracy Uncertainty
AVL DI Gas444Five Gas Analyzer CO 0 to15% vol +0.01% +0.1%

HC 0 to 20000ppm +10ppm +0.2%

CO, 0 to 20%vol +5% +0.5%

0O, 0 to 25% vol +0.1% +0.5%

NOx 0 to 5000ppm +50ppm +1%
AVL 415 Smoke Meter Smoke 0-100 +1% +1%
Pressure Transducer Pressure 0-100 bar +0.1bar +0.2%
Angle encoder Crank angle 0-720° +1% +0.2%
Data acquisition system Combustion data 12 bit +0.01bit +0.1%
Temperature indicator Temperature 0-900°C +1°C +0.2%
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RESULTS AND DISCUSSION

Brake Thermal Efficiency

Figure 3 depicts the variation in BTE for different tested
fuels of diesel and blends of subabul seed methyl ester (SSME)
with DEE and isobutanol additives. BTE is influenced by fuel
properties, engine design, and operating parameters, repre-
senting the engine’s ability to convert fuel energy into useful
power. Biodiesel typically exhibits slightly lower BTE than
diesel due to its lower energy content. Brake thermal effi-
ciency is measured by using the following equation.

5P_+100

BTE=—>" @)

Where BP =Brake power in kW
mg= Mass of fuel consumption in kg/s
CV= Calorific value in kJ/kg.
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Figure 3. Variation of brake thermal efficiency with engine
load.

The tested fuels, namely diesel, SSME 20, SSME 20 DEE
5%, SSME 20 DEE 10%, SSME 20 ISOB 5%, and SSME 20
ISOB 10%, demonstrate BTE values of 33.92%, 30.68%,
31.24%, 32.98%, 31.13%, and 32.15% at full load. Diesel
fuel consistently exhibits higher BTE compared to SSME
blends. However, the use of alcohol additives improved
BTE when blended with SSME 20. Specifically, adding 10%
DEE and 10% ISOB to the SSME 20 blend increases BTE
by 7.4% and 4.71%, respectively, at full load, compared
to the SSME 20 blend alone. This improvement can be
attributed to the additives’ better cetane number, increased
oxygen availability, and improved combustion characteris-
tics resulting from their enhanced volatile nature. Kumar et
al. [9] reported that BTE of palm biodiesel was marginally
lower than diesel fuel due to its lower net energy content.

Diesel fuel has shown higher BTE than biodiesel blend
because of higher heating value and these results were close
confirmed with findings were reported by the Markov et
al. [33]. Brake thermal efficiency follows a similar pattern
for the examined fuels at all load conditions. Fuel additives
can significantly influence both the chemical kinetics and
thermodynamics of the combustion process. Fuel additives
can alter the rates at which chemical reactions occur during
combustion. They may act as catalysts, speeding up reac-
tions or inhibitors, slowing them down. For example, some
additives promote more complete combustion by acceler-
ating the oxidation of fuel molecules. Additives can affect
the initiation of combustion reactions. They may lower the
activation energy required for ignition, making combus-
tion easier to initiate under various conditions. Additives
can prevent the formation of deposits on engine surfaces by
modifying the chemical pathways that lead to deposit for-
mation. This can improve engine efficiency and longevity.

Brake Specific Fuel Consumption

The amount of fuel used per unit power generation is
well known as BSFC. Figure 4 illustrates the changes in BSFC
values with engine load for the examined fuels. Biodiesel
generally exhibits slightly higher BSFC because lower
heating value. The tested fuels, including diesel, SSME 20,
SSME 20 DEE 5%, SSME 20 DEE 10%, SSME 20 ISOB 5%,
and SSME 20 ISOB 10%, demonstrate BSFC values of 0.24
kg/kWh, 0.30 kg/kWh, 0.26 kg/kWh, 0.25 kg/kWh, 0.28 kg/
kWh, and 0.27 kg/kWh at full load. Among the biodiesel
blends, SSME 20 DEE 10% and SSME 20 ISOB 10% display
higher BSFC compared to other fuel samples. It’s import-
ant to note that while biodiesel may have a slightly higher
BSFC compared to petroleum diesel; it offers other benefits
such as reduced emissions, renewable source, and potential
for improved lubricity. These results were close conformity
with the results reported by Dhana Raju and Kishore [8].
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Figure 4. BSFC variation with engine load.
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In-cylinder Pressure

The change of cylinder pressure with different crank
angle for the subabul seed biodiesel blends with DEE and
isobutanol additives is presented in Figure 5. The cylinder
pressure in a diesel engine using biodiesel blend with fuel
additives would depend on various factors, including the
blend ratio, type, and concentration of additives in the bio-
diesel blend. When fuel additive like DEE and isobutanol
blended with biodiesel, it can increase the cylinder pres-
sure due to its higher cetane number and oxygen content.
Biodiesel typically has a higher cetane number than diesel,
which refers to its ignition quality. Higher cetane numbers
can lead to shorter ignition delays and faster combustion,
resulting in higher peak cylinder pressures. The in-cylin-
der pressure values at full load for diesel, SSME20, SSME20
with 5% DEE, SSME20 with 10% DEE, SSME20 with 5%
isobutanol, and SSME20 with 10% isobutanol are 68.68
bar, 65.95 bar, 66.46 bar, 67.71 bar, 66.18 bar, and 66.45 bar,
respectively. Diethyl ether has a high cetane number and
can improve the ignition quality of diesel fuel, potentially
leading to more efficient combustion. When fuel additives
like isobutanol or diethyl ether are added to SSME20 blend,
it can enhance the overall combustion process by reduc-
ing the ignition delay. The application of DEE has shown
reduction in the ignition delay, diethyl ether can promote
more rapid and efficient combustion, leading to higher cyl-
inder pressures.

Heat Release Rate

The amount of heat released in the ignition process in
the engine cylinder is referred as HRR. It represents the rate
at which the fuel-air mixture burns and releases energy. In a
diesel engine, the heat release rate is typically characterized
by a distinct shape known as the heat release rate curve.
Figure 6 illustrates how the heat release rate changes over
the course of the combustion process. Fuel additives can

70 -
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Figure 5. In-cylinder pressure variation with crank angle.

influence the thermodynamics of combustion by altering
the energy released during the process. Some additives
enhance the energy density of the fuel, leading to higher
combustion temperatures and pressures, while others may
reduce energy losses through improved combustion effi-
ciency. Additives can modify the heat release profile during
combustion, affecting factors such as flame propagation
speed and combustion stability. This can result in smoother
and more controlled combustion, reducing the likelihood
of engine knock or detonation. Fuel additives may influ-
ence the temperature distribution within the combustion
chamber. By altering combustion kinetics, they can affect
peak temperatures and temperature gradients, which in
turn impact emission levels and engine performance.

From the 1*'law of thermodynamics, the HRR is deter-
mined by using equation (3) as presented below.

“_Z-1p (%) + (% — 1) V(dP/d6) 3)

Here % represents the HRR in J/ degree CA,

P represents the in-cylinder pressure in bars

y indicates the specific heat ratio

V indicates the volume of combustion chamber in m’

0 represents the crank angle in degrees.

HRR is highly affected by many factors like fuel prop-
erties, design of combustion chamber, and overall engine
operating conditions. It consists of distinct phases includ-
ing ignition delay, premixed combustion, controlled com-
bustion, and afterburning. The presence of fuel additives
can enhance combustion by reducing ignition delay and
improving overall efficiency. Additionally, they can pro-
mote faster flame propagation, resulting in accelerated
combustion. At full load, the heat release rate values for
diesel, SSME20, SSME20 with 5% DEE, SSME20 with 10%
DEE, SSME20 with 5% isobutanol, and SSME20 with 10%
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Figure 6. Variation of HRR with crank angle.
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isobutanol were 73.55 J/°CA, 71.03 J/°CA, 71.68 J/°CA,
72.15J/°CA, 71.18 J/°CA, and 71.85 J/°CA, respectively. The
use of DEE & isobutanol to the SSME20 biodiesel blend
resulted in higher heat release rates compared to the base-
line SSME20 blend. From the test results, diesel is found
to have a more heat release rate of 73.55 J/°CA followed by
SSME 20 DEE 10% with 72.15 J/°CA and SSME 20 ISOB
10% 71.85 J/°CA. The main reason for increase in heat
release rate is due to addition of fuel additives improve
atomization and vaporization of the fuel can result in more
efficient combustion.

Exhaust Emissions

Hydrocarbon emissions

Figure 7 indicates the changes in HC emissions with
engine load. Incomplete combustion or inefficient fuel-
air mixing can lead to higher hydrocarbon emissions.
Unburned or partially burned fuel molecules can be
released into the exhaust gases. These unburned hydrocar-
bons are typically in the form of alkanes and alkenes. Other
hydrocarbon compounds, such as aromatic hydrocarbons
and polycyclic aromatic hydrocarbons can also be present
in the exhaust emissions. The composition and quantity of
hydrocarbons emitted from a diesel engine depend on sev-
eral factors, including fuel quality, combustion efficiency,
and the engine design. The hydrocarbon (HC) emissions
at full load for diesel, SSME20, SSME20 with 5% DEE,
SSME20 with 10% DEE, SSME20 with 5% isobutanol, and
SSME20 with 10% isobutanol are 82 ppm, 77 ppm, 71 ppm,
62 ppm, 74 ppm, and 65 ppm, respectively. The addition of
fuel additives resulted in reduced hydrocarbon emissions
for the subabul seed biodiesel blend. The use of 10% DEE
and isobutanol 10% to the SSME20 blend is shown 24.39%
and 20.73% at 100% load.
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Figure 7. HC emission variation with engine load.

Carbon monoxide

The variation of CO emissions with engine load is
shown in Figure 8. CO emissions in a diesel engine are
primarily caused by incomplete fuel combustion, influ-
enced by factors such as air/fuel ratio, combustion
chamber design, fuel quality, engine temperature, speed,
and load. At full load, the CO emission values for die-
sel, SSME20, SSME20 with 5% DEE, SSME20 with 10%
DEE, SSME20 with 5% isobutanol, and SSME20 with 10%
isobutanol were 0.218%, 0.231%, 0.225%, 0.208%, 0.218%,
and 0.209%, respectively. The addition of fuel additives
resulted in reduced CO emissions. Specifically, the inclu-
sion of 10% DEE and 10% isobutanol to the SSME20 blend
led to reductions of 4.6% and 4.12% of carbon monoxide
emission at 100% load respectively, compared to diesel
fuel. Furthermore, these additions resulted in reductions
of 9.95% and 9.51% in CO emissions over SSME20. The
additional oxygen can enhance combustion and facilitate
more complete fuel oxidation, potentially leading to lower
CO emissions. The presence of oxygenated additives pro-
moted better fuel atomization, faster and more complete
combustion can be achieved, resulting in reduced CO
emissions reported by Kumar et al. [22].

Nitrogen oxides

Controlling NOx emissions from diesel engines is a
significant challenge. Engine design, optimization of the
combustion process, and after-treatment technologies are
commonly employed to mitigate NOx emissions. Nitrogen
oxides (NOx) are formed in a diesel engine due to a com-
bination of thermal and fuel-related mechanisms. The
main factors contributing to the NOx formation from the
diesel engine are high combustion temperature and oxy-
gen availability. Some fuel additives, such as combustion
catalysts can optimize the combustion process in a diesel
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Figure 8. Carbon monoxide emissions variation with en-
gine load.
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engine. By promoting better fuel atomization, faster and
more complete combustion can be achieved, resulting in
reduced NOx emissions. The NOx emission values at full
load for diesel, SSME20, SSME20 with 5% DEE, SSME20
with 10% DEE, SSME20 with 5% isobutanol, and SSME20
with 10% isobutanol are as follows: 2024ppm, 2131ppm,
1895ppm, 1835ppm, 1967ppm, and 1894ppm, respec-
tively. The presence of alcohol additives in the SSME20
blend resulted in lower NOx emissions compared to diesel
fuel and SSME20 biodiesel blend. Specifically, the inclu-
sion of 10% DEE and 10% isobutanol in the SSME20 blend
led to reductions of 9.33% and 6.42% in NOx emissions
over diesel. Moreover, these additions resulted in reduc-
tions of 13.89% and 11.12% in NOx emissions over the
SSME20 at 100% load (Fig. 9).
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Figure 9. NOx emissions variation with engine load.
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Figure 10. Smoke opacity variation with engine load.

Smoke opacity

The changes in smoke density with engine load as indi-
cated in Figure 10. Biodiesel typically has better combustion
properties compared to conventional diesel fuel. Biodiesel
also has better oxygen content, promoting more complete
combustion. Enhanced combustion efficiency can result
in reduced smoke opacity emissions. From the results
at 100% load, smoke intensity values of diesel, SSME20,
SSME20 DEE5%, SSME20 DEE10%, SSME20 ISOB 5%,
AND SSME20 ISOB 10% are 69.4%, 67.6%, 66.7%, 63.3%,
67.3% and 64.8% respectively. The use of fuel additives is
shown to have a drastic reduction of smoke emissions. It is
inferred that smoke opacity is reduced by 8.84% and 6.62%
respectively for the SSME20 DEE10% and SSME20 ISOB
10% over base fuel at 100% load. The smoke emissions are
reduced due to the additive’s ability to improve combustion
efficiency and optimize the combustion process.

CONCLUSION

This experimental investigation is mainly focused on
the effect of oxygenated fuel additives like diethyl ether
(DEE) and isobutanol, at two different levels (5% and 10%)
to a blend of SSME (referred to as SSME20). The follow-
ing are the major conclusions presented from this research
work.

o The use of 10% DEE and 10% isobutanol to the SSME20
blend resulted in a 7.4% and 4.71% enhancement in
BTE at 100% load. However, these values are slightly
lower than those achieved with diesel fuel.

o DEE and isobutanol improved heat release rates com-
pared to SSME20, but diesel had the highest rate, fol-
lowed by SSME20 with 10% DEE and 10% isobutanol.

o Compared to diesel fuel, the SSME20 with 10% DEE
achieved significant reductions in major emissions.
At full load, hydrocarbons (HC) decreased by 24.39%,
carbon monoxide (CO) decreased by 4.6%, nitrogen
oxides (NOx) decreased by 9.33%, and smoke opacity
decreased by 8.84%.

 Similarly, the use of 10% isobutanol in the SSME20
blend resulted in a significant reduction in major emis-
sions: 20.73% for HC, 4.12% for CO, 6.42% for NOx,
and 6.62% for smoke opacity when contrasted with die-
sel fuel.

The findings indicate that adding DEE and isobutanol
to the SSME20 blend can enhance engine performance and
decrease emissions. However, diesel fuel retains superior
characteristics in certain aspects.

Future Scope

« To investigate the diverse attributes of diesel engine
with different piston bowl geometries.

o To study the performance, combustion and emission
characteristics of diesel engine operating under various
compression ratios, injection pressure, injection tim-
ings and exhaust gas recirculation.
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o To explore the tribological characteristics of diesel
engine operated with subabul biodiesel.

o To examine the effect of nanoparticles on the character-
istics of diesel engine operated with SSME20 biodiesel
blend.

NOMENCLATURE

SSME Subabul Seed Methyl Ester

BTE Brake Thermal Efficiency

BSEC Brake Specific Fuel Consumption

HRR Heat Release Rate

CP Cylinder Pressure

CO Carbon monoxide

HC Hydrocarbons

NOy Nitrogen Oxides

SO Smoke Opacity

ID Ignition Delay

Co, Carbon dioxide

SSME 20 20% Subabul Seed Methyl Ester+ 80%
Diesel

SSME 20 DEE5  SSME 20 with Di Ethyl Ether 5%

SSME 20 DEE 10  SSME 20 with Di Ethyl Ether 10%

SSME 20 ISOB5  SSME 20 with Isobutanol 5%

SSME 20 ISOB 10 SSME 20 with Isobutanol 10%

EGT Exhaust Gas Temperature

BSEC Brake Specific Energy Consumption

WHB Water Hyacinth Biodiesel

TSME Tamarind seed methyl ester

CSME Corn seed methyl ester

NAA N Amyl Alcohol

MSME Mango seed methyl ester
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