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Abstract: A comparative study of three additives, such as Diethyl Ether (DEE), Dimethyl Ether (DME), and Methyl
Tert-Butyl Ether (MTBE) on the performance and emissions of a B20 Simarouba Methyl Ester mix in a direct injection
(DI) diesel engine. The results show that DEE improves brake thermal efficiency (BTE) by about 5.5%, and also
improves exhaust gas temperatures (EGT) about 10%. The reason is the high cetane number in the additive and
combustion characteristics. The effect of DME, which reduces emissions of hydrocarbons (HC) up to 25% and carbon
monoxide (CO) up to 30%, because of high oxygen content and efficient combustion properties, makes it the most
effective additive. The DME additive also reduces smoke emissions in the range of 20% due to higher combustion
efficiency. But the DEE additive which leads in reduction of nitrogen oxide (NOx) in the range of 25% due to lower
peak combustion temperatures. The comparative of MTBE gives certain benefits that are consistently less effective
compared with DEE and DME for the emission and performance metrics. The comparative results of three additives,
the DME, are advised for minimizing the CO, HC, and smoke emissions; the DEE is the supreme additive for
improving engine performance and lowering NOX.

Keywords: Simarouba Methyl Ester, Diethyl Ether, Dimethyl Ether, Methyl Tert-Butyl Ether, Energy Efficiency

under typical temperature and pressure circumstances,
it has been a great fuel [10]. Methyl tert-butyl ether
(MTBE) is frequently used to compare emission
reduction outcomes [11, 12]. Simarouba, commonly
referred to as Laxmitaru in Central America, has the
potential to significantly reduce the requirement for
diesel supplies [13]. Later, the Simarouba plant was

1. Introduction

The usage of fossil fuels has been linked to
major environmental issues in recent years, according to
increasing scientific data (NOx, CO emissions, etc.) [1].
As a result, a lot of study has been done on sustainable
energy alternatives [2]. The usage of dimethyl ether

(DME) as an alternative to diesel fuel has drawn greater
interest in recent years [3]. Methyl tert-butyl ether
(MTBE), a commonly used fuel additive, has been the
subject of numerous studies about the possible
environmental effects [4], and the DME additive is a
synthetic fuel with good ignition qualities [5]. DME shares
characteristics with LPG, and its use can lower CO and
NOx emissions at the same time [6]. Higher quantities of
DME, however, are not possible in an unmodified diesel
engine [7]. Furthermore, costly feedstocks like natural
gas contribute to its high production costs. Its
commercial use is therefore restricted to these nations
[8], where the cost of producing DME is comparatively
lower. Because DEE shares the same physicochemical
characteristics as mineral diesel, it is currently attracting
interest [9]. Because DEE occurs in the form of liquid

discovered in the wastelands of Karnataka, Tamil Nadu,
and Orissa, where its branches were used as cancer
treatments, its seeds for biodiesel production, and its
tree for crafting purposes [14]. Biodiesel from Simarouba
oil can be generated from the transesterification process
utilizing the catalyst KOH [15]. Additionally, diesel
engines that run on biodiesel blends of Simarouba seed
oil with a range of blending ratios and additives, including
DEE, DME, and MTBE, have had their combustion and
emission characteristics examined experimentally. DEE-
diesel blends, DME-diesel blends, and MTBE-diesel
blends have all been studied by researchers to
determine  their  performance and  emission
characteristics. [16] DEE5, DEE10, and DEE15 (Y%w/w)
mixtures improved engine performance. In [17], the
MTBE diesel mix was created with MTBE 10, MTBE 20,
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and MTBE 30. [18] investigated the impact of adding
DME [19] in blends ranging from 5 to 30. According to
their findings, MTBE [20] reduces BSFC, DME 20
reduces smoke and specific emissions, and DEE10 is
the most effective combination. Nonetheless, DEE and
DME, which provided the engine's highest BTE, continue
to provide more benefits than MTBE [21]. While NOx
emissions remained similar, smoke and carbon
monoxide (CO) emissions were significantly reduced
with better injection timing. [22] found that a higher
percentage of DEE and DME (DEE20 and DME25) in
the blends resulted in decreased BTE but higher CO and
smoke emissions. These findings have been attributed
to stage separation difficulties, which resulted in
inefficient spray atomization and gasoline particle
vaporization [23].

DME contains a high cetane number and is
readily atomised. This benefit is especially beneficial for
combustion technologies like VCR engines. Another
advantage is that DME consists only about 33% oxygen,
with just CH and CO molecules and no CC molecules
[24]. Furthermore, product of combustion including CO
and unburned HC emissions are lower than natural gas
[25]. The drawbacks of DME include problems with
restricted working conditions as well as inadequate anti-
knock performance [26]. This causes serious challenges
for DME-fueled engines with novel combustion
technologies like VCR engines [27]. Challenges with its
storage and handling under variable compression ratios
remain underexplored. Diethyl ether (DEE), produced by
drying of ethanol over solid acids catalysts, is regarded
as a feasible biofuel. DEE has various favourable
features for diesel engine combustion, particularly a high
cetane number (>130) and a high density of energy (31.9
MJ/kg), which are more favourable than dimethyl ether
(26.6 MJ/kg). Data on biodiversity characteristics in DEE
combustion is especially limited [28]. Transition element
characteristics in laminar flames are recognised to give
an extreme test for Kkinetic models, which can
subsequently be utilised to predict pollutant releases. To
the finest of our knowledge, quantifiable biodiversity
analyses in premixed DEE flames do not yet exist. We
investigated the combustion kinetics of DEE in a fuel-rich
mild laminar mix flame using a variety of advanced
analytic approaches [29]. Concerns have been
suggested concerning the potential environmental
impacts of methyl tert-butyl ether (MTBE), a frequently
used fuel additive [30]. The levels of antioxidant
indicators including malondialdehyde (MDA) and super
antioxidant dismutase were examined [31]. The
outcomes of this investigation indicate that MTBE
exposure induced significant changes in the engine.
Elevated oxygen levels and decreased NOx activity
indicated increased oxygen consumption [32].

From the literature in biodiesel research, few
studies have examined the performance and emission
characteristics of Simarouba methyl ester blends
containing DEE, DME, and MTBE as additions. The

majority of the existing literature focuses on biodiesel's
basic performance measures, with little extensive
analysis of how these specific additives effect engine
behaviour under varied load situations. This study
initiatives to fill this gap by performing a thorough
analysis of the performance and emission
characteristics of a single-cylinder, four-stroke Kirloskar
diesel engine that operates on Simarouba biodiesel
mixes containing DEE, DME, and MTBE additives.

2. Materials and Methodology

Simarouba seeds were first processed using an
automated moisture reduction system to achieve
appropriate drying conditions, followed by a hybrid
peeling mechanism that combined individuals and
mechanical shelling for maximum efficiency. The kernels
were then processed through a high-pressure
mechanical expeller with automated temperature and
pressure controls to obtain high-purity Simarouba oil.
The extracted oil, seen in Figure 1, was utilized as the
base feedstock for biodiesel manufacturing. Simarouba
oil was converted into Simarouba methyl ester (SME)
through a transesterification method. The reaction
system included a 2-liter, three-necked round-bottom
flask equipped with a high-torque magnetic stirrer and a
temperature-controlled heating mantle for precision
thermal management. A closed-loop control system was
used to adjust the methanol-to-oil ratio and optimize
reaction conditions. Methanol was employed in excess
as the alcohol, while potassium hydroxide (KOH) served
as a homogeneous catalyst.

The system had been fitted with a reflux
condenser to reduce methanol loss and maintain
consistent reaction equilibrium. The transesterification
reaction was carried out under constant stirring and
heat, with real-time data gathering equipment tracking
the reaction kinetics. After completion, the biodiesel was
separated from glycerol using a high-efficiency
centrifuge to maximize product recovery. Figure 1 shows
the phases from seed processing to biodiesel
production, demonstrating the use of modern processing
technology to speed the conversion of Simarouba seeds
into high-quality biodiesel.

Simarouba biodiesel has several important
characteristics that distinguish it from ordinary diesel fuel
shown in Table 1. At 40°C, its kinematic viscosity is 7.62
x 107 m?/sec, much higher than diesel's 2.08 x 107®
m2/sec, indicating a thicker consistency. Simarouba
biodiesel has a higher density (864 kg/m3) compared to
diesel (830 kg/m3). While its calorific value is slightly
lower (40,047 kJ/kg against 42,955 kJ/kg for diesel), it
however provides a significant amount of energy for
combustion. Simarouba biodiesel has a greater acid
value (2.05) than diesel (0.6), which could affect its
integrity and preservation properties. Overall, these
gualities indicate that Simarouba biodiesel is a viable
alternative to diesel, though with minor variations in fuel
performance.
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Figure 1. Preparation of Simarouba oil methyl ester

Table 1. Fuel Properties — SOME & Diesel

Properties Simarouba biodiesel | Diesel
Kinematic Viscosity (m2/sec) @ 40°C | 7.62 x 10-6 2.08 x10-6
Density (kg/m3) 864 830
Calorific Value (kJ/kg) 40047 42955
Acid Value 2.05 0.6

3. Experimental Setup and Procedure

The experiment operated Simarouba methyl
ester biodiesel blends with various additives, including
DEE, DME, and MTBE shown in figure 2, to evaluate
engine performance. The base fuel for comparison was
standard diesel, while biodiesel blends such as SMEB20
(20% Simarouba methyl ester biodiesel mixed with 80%
diesel) and additive-enhanced blends like SMEB20 +
10% DEE, SMEB20 + 10% DME, and SMEB20 + 10%
MTBE were tested.

The engine used in this study was a Kirloskar
single-cylinder, four-stroke, water-cooled diesel engine,
integrated with a control panel for real-time monitoring
and data collection of engine configuration shown in
figure 3. The engine was connected to a dynamometer,
allowing load variation from 0 kW to 5.2 kW. This
provided a comprehensive performance analysis under
different load conditions—ranging from no load (0%),
partial load (50%), to full load (100%).

Figure 2. Additives — DEE, DME & MTEB

For each fuel blend, the engine performance
was systematically tested at varying loads. At 0% load,
the engine gave a baseline measurement, and the load
was gradually increased to 50% and 100% to assess
how each blend performed under various operational
stresses. Fuel consumption, BTE, BSFC, EGT, and
emissions such as NOx, CO, and HC were all measured
across the load range. This experimental setup enabled
a thorough assessment of the impacts of DEE, DME,
and MTBE additives on engine efficiency, emissions,
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and overall performance when fueled with Simarouba
methyl ester mixes. (SME) was chosen for testing with
these additions because of its unique properties as a
biodiesel feedstock, including its non-edible character,
high oil yield, and appropriateness for biodiesel
production without competing with food crops.

3.1 Uncertainty Analysis

The effects of three additives such as the DEE,
DME, and MTBE, diesel blend with B20 Simarouba
Methyl Ester mix in a direct injection (DI) diesel engine
were examined in this study using a thorough
uncertainty and error analysis to ensure that engine
performance and emissions measurements were
accurate. Uncertainty was assessed using visualization,
range, equipment, atmosphere, and calibration. Based
on process duration, it was then categorized as random
or fixed errors. Engine performance indicator
uncertainties were calculated using the root mean
square methodology, often known as the transmission of
uncertainty method.

4. Result and Discussion

The experiment utilized Simarouba methyl ester
biodiesel blends with various additives, including DEE,
DME, and MTBE, to evaluate engine performance.

4.1 BTE vs BP

DEE is an excellent addition for increasing BTE
in a B20 Simarouba biodiesel mix used in a DI diesel
engine shown in figure 4. DEE high cetane number
which improves the ignition quality of the fuel blend,
resulting in a shorter ignition delay and more thorough
combustion [27]. This leads in a significant gain in
thermal efficiency. After analysis, at a load of 1.3 kW, the
BTE of SMEB20 blended with 10% DEE is 13.4%,

Air Flow Meter

-

increasing 6.35% from the base SMEB20 blend (12.6%).
Similarly, at 2.6 kW, the BTE increases to 21.9%,
representing a 5.29% increase over SMEB20 (20.8%).
The same scenario continues at 3.9 kW, where DEE
increases the BTE to 26.9%, representing a 5.08%
improvement. Particularly with the increased load of 5.2
kW, the BTE reaches 28.8%, representing a 2.13 %
improvement.

DME and MTBE provide lower enhancements.
At 1.3 kW, adding 10% DME raises BTE to 13.1%, a
3.97% increase, while MTBE delivers a 3.17% rise,
reaching 12.2%. At 2.6 kW, DME improves BTE by
3.37% (21.5%), while MTBE provides a marginal 3.85%
gain (21.6%). At 3.9 kW, DME increases BTE to 26.5%,
a 3.52% increase, while MTBE achieves a lesser 2.34%
gain (26.2%). Finally, at 5.2 kW, DME increases BTE to
28.4%, a 0.71% rise, and MTBE to 27.9%, a little 1.06%
improvement. Overall, DEE outperforms DME and
MTBE at increasing BTE under all load conditions [29].

4.2 BSFC vs BP

When implemented in a B20 Simarouba
biodiesel blend, DEE exceeds all other additives in terms
of BSFC shown in figure 5. The high cetane number of
DEE improves combustion efficiency, resulting in less
fuel required to produce the same amount of combustion
[30]. After analysis, with a load of 1.3 kW, the BSFC of
SMEB20 blended with 10% DEE is 0.56 kg/kWh,
resulting in a 7.69% increase in fuel efficiency over the
base SMEB20 blend. Similarly, at 2.6 kW, the BSFC
remains constant at 0.38 kg/kWh, indicating no gain over
SMEB20. At 3.9 kW, DEE keeps the BSFC at 0.28
kg/kwh, showing no additional fuel consumption over
the base mix, showing continuous fuel economy at
increasing loads. Finally, at 5.2 kW, DEE slightly
increases BSFC to 0.29 kg/kWh, increasing 3.85% from
0.26 kg/kWh for the original SMEB20.

Bacl Pressure control Value

L Exhaust Gas Analyser

AVL Opacimeter

Settling Chamber

Fuel Tank

Single Cylinder diesel Engine

Electrome Scale

Electric cwrent dynameter ‘

Figure 3. Test engine configuration
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Figure 5. BSFC vs BP for SME Variation

DME provides a moderate increase in fuel
consumption, but its lower energy density limits its
overall efficiency. At 1.3 kW, DME increases the BSFC
by 5.77%, bringing it to 0.55 kg/kWh against the original
SMEB20 blend (0.52 kg/kwh). At 2.6 kW, DME keeps
BSFC at 0.37 kg/kWh, resulting in an average 2.63%
improvement. At 3.9 kW, DME keeps the BSFC at 0.26

kg/kWh while using no more fuel than the normal blend,
like DEE does. At 5.2 kW, DME raises the BSFC to 0.28
kg/kWh, up 8% from 0.26 kg/kWh. As a result, the least
effective addition for reducing BSFC is MTBE. At 1.3 kW,
it only reduces BSFC to 0.53 kg/kwWh, which is a 1.92%
improvement over the original SMEB20 mix. At 2.6 kW,
MTBE gives a modest reduction of 0.365 kg/kwh, or
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3.95% improvement. At 3.9 kW, MTBE boosts BSFC to
0.265 kg/kWh, a 5.36% improvement over the standard
mix. Finally, at 5.2 kW, MTBE has a slightly higher BSFC
of 0.27 kg/kwh, up 3.85% from 0.26 kg/kwWh. Overall,
DEE remains the most effective additive for reducing
BSFC, outperforming both DME and MTBE across a
wide variety of load situations [31].

4.3 EGT vs BP

When DEE, DME, and MTBE are combined as
additives in a B20 Simarouba biodiesel blend, the effect
on EGT differs shown in figure 6. DEE high cetane
number continuously lowers EGT, with an increase of
14% compared to diesel at 1.3 kW and 10.7% at 5.2 kW,
showing a stronger capacity to lower combustion
temperatures. DME, while effective, produces a slightly
higher EGT than DEE, with develops of 9.1% at 1.3 kW
and 7.1% at 5.2 kW, due to its lower cetane number but
cleaner combustion characteristics. MTBE, with the
lowest cetane number, has the least impact, increasing
EGT by 7.9% at 1.3 kW and 4.1% at 5.2 kW. Although
improved fuel atomisation, it leads to higher
temperatures. DEE, DME, and MTBE work together to
create a balanced strategy, however DEE outperforms
the others in terms of EGT reduction. The experiment
utilized Simarouba methyl ester biodiesel blends with
various additives, including DEE, DME, and MTBE, to
evaluate exhaust emission [32].

4.4 COvs BP

When considering the efficiency of DME, DEE,
and MTBE in lowering carbon monoxide (CO) emissions
for a B20 Simarouba biodiesel blend, DME exceeds
each of the other additives shown in figure 7. DME high
oxygen concentration allows for more thorough
combustion, resulting in a considerable reduction in CO
emissions. After analysis, at 5.2 kW, CO emissions are
reduced by 16.7% over pure diesel, showing DME ability
to reduce CO emission. DEE, while still effective due to
its high cetane number, is significantly less effective than
DME, with a drop of around 8.3% at the same load.
When compared with diesel at 5.2 kW, MTBE is the least
effective, reducing CO emissions by only 4.2 %. When
compared to DEE and DME, its lower cetane number
promotes incomplete combustion, which increases CO
emissions. DME therefore constitutes the best additive
for purposes that require to reduce CO emissions,
exceeding DEE and MTBE.

45HCvs BP

Figure 8 shows that DME is the most effective
additive for reducing these emissions. When evaluating
the impacts of DME, DEE, and MTBE on hydrocarbon
(HC) emissions in a B20 Simarouba biodiesel mix, DME
high oxygen concentration allows for cleaner burning,
resulting in significantly reduced HC emissions [33].
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Figure 6. EGT vs BP for SME Variation
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Figure 8. HC vs BP for SME Variation

After analysis, at 5.2 kW, DME reduces HC
emissions by approximately 22% when compared to
pure diesel. This is due to DME ability to promote more
complete combustion, which results in less unburned
hydrocarbons emitted into the atmosphere. At 5.2 kW,
DEE reduces HC emissions by approximately 14%
compared to diesel, demonstrating its impact on
combustion efficiency. However, DME outperforms DEE

due to better combustion qualities. DEE, with its high
cetane number and oxygen concentration, is similarly
good for decreasing HC emissions, although slightly less
effectively than DME.

At 5.2 kW, MTBE reduces HC emissions by
approximately 2.7% when compared to diesel, showing
that it has a minimal impact on combustion efficiency.
However, due to its oxygenation qualities, MTBE is the
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least effective of the three additives. Its lower cetane
number causes less efficient combustion, which results
in more HC emissions than DME and DEE. In general,
DME outperforms DEE and MTBE in reducing HC
emissions in a B20 Simarouba biodiesel blend. DME is
the most effective addition for lowering HC emissions
since it may improve combustion efficiency and reduce
unburned hydrocarbons.

4.6 NOx vs BP

Figure 9 shows that DEE is the most effective
additive for lowering NOx emissions. When analyzing
the influence of DEE, DME, and MTBE on nitrogen oxide
(NOx) emissions in a B20 Simarouba biodiesel mix, this
is due to DEE's high cetane number, which reduces
combustion temperatures and consequently NOXx
emissions by enabling faster ignition and smoother
combustion [34]. The ability to lower peak combustion
temperatures can reduce NOx emissions, as illustrated
by the 1.5% increase in NOx emissions with DEE at 5.2
kW above the initial diesel fuel. While DME reduces NOx
emissions, it is significantly less effective than DEE. At
5.2 kW, NOx emissions from DME increase by
approximately 6.1% as compared to diesel, indicating a
moderate reduction in NOx due to its better combustion
characteristics. However, because DME has greater
peak combustion temperatures than DEE such it is less
effective at reducing NOx emissions.

MTBE, with its oxygenating qualities, is the least
effective additive for lowering NOx emissions. At 5.2 kW,

NOx emissions from MTBE increase by 11.7%, making
it the least acceptable alternative. Thus, DEE is the most
effective additive for lowering NOx emissions in diesel
engines, over both DME and MTBE.

4.7 Smoke vs BP

Dimethyl Ether (DME) is highly effective in
lowering smoke emissions in a B20 Simarouba biodiesel
blend shown in figure 10. DME superior combustion
qualities and high oxygen content enable more complete
combustion, which significantly lowers smoke emissions
[35-36]. Following investigation, smoke emissions with
DME are calculated to be 46 units at 5.2 kW, which is a
substantial drop from the baseline diesel's 36 units of
smoke. The efficiency of smoke reduction rises by
around 27.8% when DME is applied.

Diethyl ether (DEE), albeit marginally less
effective than DME, also aids in lowering smoke
emissions. At the same power output, smoke emissions
rise to 42 units with DEE, indicating a 16.7%
improvement in efficiency over the baseline. DEE high
cetane number increases combustion efficiency,
although it still performs worse than DME [22].

The least efficient of the three additions is
methyl tert-butyl ether (MTBE), which exhibits a little
decrease in smoke emissions. MTBE smoke emissions
exceeded 50 units at 5.2 kW, indicating a 38.9%
increase over the baseline diesel. Therefore, DME is
clearly the best choice for applications looking to reduce
smoke emissions, outperforming both DEE and MTBE.
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Figure 9. NOx vs BP for SME Variation
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Table 2. Comparative Influence on Engine Performance and Emissions

Property DEE

DME

MTBE

Cetane Number High (~125)

Moderate (~55-60)

Low (~15-20)

Energy Content Moderate (~33 MJ/kg)

Low (~28 MJ/kQ)

High (=35 MJ/kg)

Oxygen Content High (~21%)

Very High (~35%)

Moderate (~18%)

Emission Benefits | NOx reduction, low soot

Lowest soot, HC, CO

Limited NOx and HC benefit

Ease of Handling Volatile, flammable

Requires pressurization

Stable, easily mixed

DEE (C2HsOC:zHs) is effective in reducing NOx and
improving combustion efficiency due to its high cetane
number and oxygen content. DME (CH3OCHs3) excels in
soot and particulate reduction but requires pressurized
systems. MTBE (CsH120) offers modest benefits in
emissions reduction but is less impactful compared to
DEE and DME in diesel engines.

5. Conclusion

This study investigates the impacts of Diethyl
Ether (DEE), Dimethyl Ether (DME), and Methyl Tert-
Butyl Ether (MTBE) as additives in a B20 Simarouba
biodiesel blend, specifically its impact on engine
performance and emissions.

e DEE improves BTE by approximately 5.5%. This
improvement suggests more efficient fuel
combustion and improved overall engine

performance. This makes DEE a highly effective
additive for enhancing the performance of SME
B20 blends in diesel engines.

DEE reduces BSFC by 15%, optimising fuel
usage and lowering operational costs.

Adding DEE reduces Exhaust Gas Temperature
(EGT) by approximately 10%, improving
combustion stability and possible extending
engine life.

DME reduces carbon monoxide emissions by
around 30%. This reduction is due to the high
oxygen content, which allows cleaner burning.

DME reduces hydrocarbon (HC) emissions by
25%, allowing for more complete combustion
and reducing unburned fuel.
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DEE reduces NOx emissions by 12% due to
lower peak combustion temperatures, but DME
reduces smoke emissions by approximately
20%.

DEE excels in NOx reduction by controlling peak
combustion temperatures, while DME is more
effective at smoke reduction due to its high
oxygen content and cleaner-burning properties.

DEE and DME are effective additives for B20
algae biodiesel blends, improving engine
performance and fuel efficiency while reducing
harmful emissions.

References
[1] N.K.  Kumar, N.R. Banapurmath, T.K.
Chandrashekar, G.S. Jatadhara, M.E.M.

(2]

(3]

(4]

(5]

(6]

[7]

Soudagar, A.E. Angi, M.A. Mujtaba, M. Goodarzi,
A. Elfasakhany, I.H. Siddiqui, M.A. Ali, Effect of
parameters behavior of Simarouba methyl ester
operated diesel engine. Energies, 14(16), (2021)
4973. https://doi.org/10.3390/en14164973

S.R. Mishra, M.K. Mohanty, N. Panigrahi, A.K.
Pattanaik, Impact of Simarouba glauca biodiesel
blends as a fuel on the performance and
emission analysis in an unmodified DICI engine.
Renewable Energy Focus, 26, (2018) 11-16.
https://doi.org/10.1016/].ref.2018.05.002

M.R. Vijayaragavan, G.S. Lalgudi
Ramachandran, An experimental study on the
performance  combustion and emission
characteristics on diesel: Simarouba glauca
biodiesel blended fuel for diesel engine with
ethanol as additive. Environmental Progress &
Sustainable Energy, 38(5), (2019) 13206.
https://doi.org/10.1002/ep.13206

S. Kandasamy, S. Sundararaj, Engine
performance and emission profile of Simarouba
glauca biodiesel and blends. International
Journal of Oil, Gas and Coal Technology, 25(2),
(2020) 202-217.
https://doi.org/10.1504/IJ0GCT.2020.109444

M. Sharun, J. Paul Vas. Influence of injection
timing on performance and emission
characteristics of simarouba biodiesel engine.
International Journal of Scientific and Research
Publications 34 (2013) 1-6.

P. Bedar, P.R. Chitragar, K.V. Shivaprasad, G.N.
Kumar, (2017) Performance and emission
analysis of a single cylinder CI engine using
Simarouba glauca biodiesel. In Fluid Mechanics
and Fluid Power—Contemporary Research:
Proceedings of the 5th International and 41st
National Conference on FMFP 2014, Springer,
India.

S. Sahu, V. Paroha, S. Das, A. Singh, A. Singh,
N. Kumar, S. Kumar, B. Nayak, Influence of
Antioxidants Upon Performance and Emission

(8]

9]

(10]

(11]

(12]

(13]

(14]

[15]

[16]

Characteristics of A Turbocharged Direct
Injection Diesel Engine Fueled With Simarouba
Oil Methyl Ester. International Journal of Energy
for a Clean Environment, 23(8), (2022) 89-100.
https://doi.org/10.1615/InterJEnerCleanEnv.202
2039581

N.K.  Kumar, T.K. Chandrashekar, N.R.
Banapurmath, V.S. Yaliwal, Effect of combustion
geometry on combustion, performance and
emission characteristics of Cl engine using
simarouba oil methyl ester. In IOP Conference
Series: Materials Science and Engineering, IOP
Publishing, 376(1), (2018) 012001.
https://doi.org/10.1088/1757-899X/376/1/012001

Yanuandri Putrasari, Ocktaeck Lim, Dimethyl
Ether as the Next Generation Fuel to Control
Nitrogen Oxides and Particulate Matter
Emissions from Internal Combustion Engines: A
Review, ACS Omega, 7 (2022) 32-37.
https://doi.org/10.1021/acsomega.1c03885

A. Dewangan, A.K.Yadav, A. Mallick, A. Tyagi,
Optimisation of biodiesel production and engine
performance from Simarouba oil in compression
ignition engine. International Journal of Oil, Gas
and Coal Technology, 25(3), (2020) 357-376.
https://doi.org/10.1504/IJ0GCT.2020.110385

S.N. Bevinahalli, M.B. Sasi, A.H. Avinash, D.S.
Jishan, Performance, emission and combustion
test on Cl engine by using simarouba biodiesel
and diesel blends. International Research
Journal of Engineering and Technology (IRJET),
3(06), (2016) 2091-2096.

S.K. Pawar, J.A. Hole, Performance Evaluation
and Emission Testing of Simarouba Seeds Oil
Biodiesel Blends in CI Engine. International
Research  Journal of Engineering and
Technology, 6 (2019) 11-15.

D. Danesha, H. Manjunath, Production and
characterization of biodiesel from Simarouba
Glauca seed oil with diethyl ether as an additive
and its performance and emission evaluation on
single cylinder, four stroke CI engine.
International Journal of Research in Engineering
and Technology, 5, (2016) 64-68.
https://doi.org/10.15623/ijret.2016.0525011

B.M. Paramashivaiah, N.R. Banapurmath, C.R.
Rajashekhar, S.V. Khandal, Studies on effect of
graphene nanoparticles addition in different
levels with simarouba biodiesel and diesel blends
on performance, combustion and emission
characteristics of Cl engine. Arabian Journal for
Science and Engineering, 43, (2018) 4793-4801.
https://doi.org/10.1007/s13369-018-3121-6

M.E.M. Soudagar, A.E. Angi, M.A. Mujtaba, M.
Goodarzi, A. Elfasakhany, M.I.H. Siddiqui, Effect
of Parameters Behavior of Simarouba Methyl
Ester Operated Diesel Engine. Parameters, 28,
(2021) 29.

V. Kasturi,

M.C. Navindgi, Experimental

Int. Res. J. Multidiscip. Technovation, 7(3) (2025) 112-123 | 121


https://doi.org/10.3390/en14164973
https://doi.org/10.1016/j.ref.2018.05.002
https://doi.org/10.1002/ep.13206
https://doi.org/10.1504/IJOGCT.2020.109444
https://doi.org/10.1615/InterJEnerCleanEnv.2022039581
https://doi.org/10.1615/InterJEnerCleanEnv.2022039581
https://doi.org/10.1088/1757-899X/376/1/012001
https://doi.org/10.1021/acsomega.1c03885
https://doi.org/10.15623/ijret.2016.0525011
https://doi.org/10.1007/s13369-018-3121-6

Vol 7 Iss 3 Year 2025

M. Prabhahar et.al, /2025

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

Investigation of Performance and Emission
Characteristics of Simarouba Biodiesel and Its
Blends on LHR Engine. International Journal of
Modern Engineering Research (IJMER), 4(8),
(2014) 63-69.

V.M. Raj, A. Chaitanya, H. Thakur, Improvement
in the performance of Simarouba blended diesel
fuel using Di-Ethyl Ether and Di-Methyl
Carbonate as additives in a CRDI engine. In
Journal of Physics: Conference Series IOP
Publishing, 2054(1), (2021) 012020.
https://doi.org/10.1088/1742-
6596/2054/1/012020

A. Tamilvanan, P. Jeyalakshmi, M. Mohanraj, B.
Deepanraj, Feasibility study on raw Simarouba
glauca oil as an alternate fuel in a diesel engine
and comparative assessment with its esterified
oil. Fuel, 327, (2022) 125168.
https://doi.org/10.1016/.fuel.2022.125168

P. Jeyalakshmi, Characterization of Simarouba
glauca seed oil biodiesel: a comprehensive
study. Journal of Thermal Analysis and
Calorimetry, 136, (2019) 267-280.
https://doi.org/10.1007/s10973-018-7985-1

M.D. Harlapur, S. Bevinahalli, M.B. Sasi,
Comparision of Performance and Emission Test
Using Biodiesel from Simarouba and Waste
Cooking Oil in Cl Engine. International Journal of
Science and Research (IJSR), 5, (2016) 1860-
1863. https://d0i.org/10.21275/v5i6.NOV164627

A. Verma, K.S. Rawat, M. Saify, A.K. Singh, P.
Maheshwari, Performance Analysis of Cl Engine
Powered with Simarouba Glauca L. Biodiesel
Fuel. Advances in Materials Engineering and
Manufacturing Processes, Lecture Notes on
Multidisciplinary Industrial Engineering. Springer,

Singapore. https://doi.org/10.1007/978-981-15-
4331-9 4

M. Vijayaragavan, G.S. Lalgudi Ramachandran,
Effect of synergistic interaction between

hydrogen inductions with Simarouba glauca-
diesel blend for Cl engine application. Heat and
Mass Transfer, 56(6), (2020) 1739-1752.
https://doi.org/10.1007/s00231-020-02810-3

Y. Singh, N.K. Singh, A. Sharma, A. Singla,
Sustainability of chemically modified Simarouba
glauca for tribological applications and chemical
structure analysis at different loads. Biomass
Conversion and Biorefinery, 14(13), (2024)
14239-14249.  https://doi.org/10.1007/s13399-
022-03682-9

S. Diwakar, R.P. Reddy, N. Kapilan,
Experimental Analysis of Performance and
Emission Characteristics of Simarouba Biodiesel
and its Blends at varying Injection Pressures on
Cl Engine. International Journal of Applied
Engineering Research, 13(1), (2018) 62-67.

S. Pai, A. Sharief, S. Kumar, Influence of ultra-
injection pressure with dynamic injection timing

(26]

(27]

(28]

[29]

(30]

(31]

(32]

[33]

on CRDI engine performance using Simarouba

biodiesel blends. International Journal of
Automotive and Mechanical Engineering, 15(4),
(2018) 5748-5759.

https://doi.org/10.15282/ijame.15.4.2018.3.0440

M.V. Magomedova, E.G. Peresypkina, I|.A.
Davydov, S.N. Khadzhiev, Olefin Synthesis from
Dimethyl Ether in the Presence of a
Hydrothermally Treated Mg—-HZSM-5/Al 2 O 3
Catalyst: Effect of Reaction Conditions on the
Product Composition and Ratio. Petroleum
Chemistry, 57, (2017) 1043-1051.
https://doi.org/10.1134/S0965544117100115

P. Haltenort, K. Hackbarth, D. Oestreich, L.
Lautenschiitz, U. Arnold, J. Sauer,
Heterogeneously catalyzed synthesis  of
oxymethylene dimethyl ethers (OME) from
dimethyl ether and trioxane. Catalysis
Communications, 109, (2018) 80-84.
https://doi.org/10.1016/j.catcom.2018.02.013

K. Surendrababu, K.G. Muthurajan, M.
Prabhahar, S. Prakash, M. Saravana Kumar, M.
Jayakumar, Performance, emission, and study of
DI diesel engine running on pumpkin seed oil
methyl ester with the effect of copper oxide
nanoparticles as an additive. Journal of
Nanomaterials, 2022(1), (2022) 3800528.
https://doi.org/10.1155/2022/3800528

S.B. Kuppuswami, P. Muthuswamy, P. Sekar, T.
Chandrasekharan, M. Pavan, S. Riyaz,
Optimization of diesel engine-Performance and
emission parameters utilizing RSM approach
using biodiesel-diesel blends and compression.
In AIP Conference Proceedings, AIP Publishing,
3042(1), (2024) 020020.
https://doi.org/10.1063/5.0194191

S. Prakash, M. Prabhahar, M. Saravana Kumar,
Experimental analysis of diesel engine
behaviours using biodiesel with different exhaust
gas recirculation rates. International Journal of
Ambient Energy, 43(1), (2022) 1508-1517.
https://doi.org/10.1080/01430750.2020.1712251

S.H. Park, H.J. Kim, C.S. Lee, Macroscopic spray
characteristics and breakup performance of

dimethyl ether (DME) fuel at high fuel
temperatures and ambient conditions. Fuel,
89(10), (2010) 3001-3011.

https://doi.org/10.1016/j.fuel.2010.05.002

S. Lee, O. Lim, An investigation on the spray
characteristics of DME with variation of nozzle
holes diameter using the common rail fuel
injection system. Transactions of the Korean
Society of Automotive Engineers, 21(4), (2013) 1-
7. https://doi.org/10.7467/KSAE.2013.21.4.001

J. Padmanaban, A. Kandasamy, E.P.
Venkatesan, S. Sura, C.A. Saleel, N. Hasan, L.
Zhenxiong, Sustainability study and SWOT
analysis of mixed biofuel blends in engine at
various injection pressure analysed by

Int. Res. J. Multidiscip. Technovation, 7(3) (2025) 112-123 | 122


https://doi.org/10.1088/1742-6596/2054/1/012020
https://doi.org/10.1088/1742-6596/2054/1/012020
https://doi.org/10.1016/j.fuel.2022.125168
https://doi.org/10.1007/s10973-018-7985-1
https://doi.org/10.21275/v5i6.NOV164627
https://doi.org/10.1007/978-981-15-4331-9_4
https://doi.org/10.1007/978-981-15-4331-9_4
https://doi.org/10.1007/s00231-020-02810-3
https://doi.org/10.1007/s13399-022-03682-9
https://doi.org/10.1007/s13399-022-03682-9
https://doi.org/10.15282/ijame.15.4.2018.3.0440
https://doi.org/10.1134/S0965544117100115
https://doi.org/10.1016/j.catcom.2018.02.013
https://doi.org/10.1155/2022/3800528
https://doi.org/10.1063/5.0194191
https://doi.org/10.1080/01430750.2020.1712251
https://doi.org/10.1016/j.fuel.2010.05.002
https://doi.org/10.7467/KSAE.2013.21.4.001

Vol 7 Iss 3 Year 2025 M. Prabhahar et.al, /2025
experimentally and statistically.  Scientific ~ Has this article screened for similarity?
Reports, 14(1), (2024) 31574.

https://doi.org/10.1038/s41598-024-79073-z

[34] B. Anil Kumar, S.V. Ramana, B. Hadya, Grey-
Taguchi and ANN Optimization in Cl Engines
Using Acetylene & Biodiesel Blends for Low
Emissions and Better Performance. International
Research Journal of Multidisciplinary
Technovation, 6(5), (2024) 14-29.
https://doi.org/10.54392/irimt2452

[35] S. Aravind, D. Barik, G. Pullagura, S.R.
Chandran, P.V. Elumalai, P. Paramasivam, D.
Balasubramanian, Y. Fouad, M.E.M. Soudagar,
M.A. Kalam, C.C. Kit, Exposure the role of
hydrogen with algae spirogyra biodiesel and fuel-
borne additive on a diesel engine: An
experimental assessment on dual fuel
combustion mode. Case Studies in Thermal
Engineering, 65, (2025) 105566.
https://doi.org/10.1016/j.csite.2024.105566

[36] M. Elkelawy, E.A. ElI Shenawy, H.A.E.
Bastawissi, M.M. Shams, P.V. Elumalai, D.
Balasubramanian, V. Anand, M. Alwetaishi,
Predictive modeling and optimization of a waste
cooking oil biodiesel/diesel powered CI engine:
an RSM approach with central composite design.
Scientific Reports, 14(2), (2024).
https://doi.org/10.1038/s41598-024-77234-8

Acknowledgement

The Researcher thanks to the management of AVIT and
the Vinayaka Mission’'s Research Foundation for
providing the laboratory resources.

Authors Contribution Statement

M. Prabhahar: Conceptualization, Investigation, data
collection, Formal Analysis and Writing - original draft. S.
Prakash: Data collection, Writing — review & editing. B.
Karpaga Vinayagam: Conceptualization, Supervision,
Writing — review & editing. T. Dhanraj: Writing — review
& editing. Huaizhi Zhang: Writing — review & editing. All
the author's read and approved the final version of the
manuscript.

Funding

The authors declare that no funds, grants or any other
support were received during the preparation of this
manuscript.

Competing Interests
The authors declare that there are no conflicts of interest
regarding the publication of this manuscript.

Data Availability

The data supporting the findings of this study can be
obtained from the corresponding author upon
reasonable request.

Yes

About the License

© The Author(s) 2025. The text of this article is open
access and licensed under a Creative Commons
Attribution 4.0 International License.

Int. Res. J. Multidiscip. Technovation, 7(3) (2025) 112-123 | 123


https://doi.org/10.1038/s41598-024-79073-z
https://doi.org/10.54392/irjmt2452
https://doi.org/10.1016/j.csite.2024.105566
https://doi.org/10.1038/s41598-024-77234-8

