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Abstract

In this study, experiments are carried out to explore the impact of incorporating Diethyl Ether (DEE) as an additive into
biodiesel-Straight Vegetable Oil (SVO) blends derived from Pongamia seeds. Our objective was to assess the influences of
additives on the engine performance characteristics of a CI engine. The different fuel blends such as BD80+SV015+DEE5
(comprising 80% biodiesel, 15% SVO, and 5% DEE), BD80+SV010+DEE10, BD60+SV035+DEES5, and BD60+SV030+DEE10
(consisting of 60% biodiesel, 30% SVO, and 10% DEE) are tested and compared these blends with conventional biodiesel and
Straight Vegetable Oil blends (BD80+20% SVO and BD60+40%SV0). The inclusion of DEE as an additive had a noticeable
impact on engine performance. It significantly improved brake power, reduced Brake-Specific Fuel Consumption (BSFC),
lowered Brake Specific Energy Consumption (BSEC), and increased Brake Thermal Efficiency (BTE). Additionally, all the
blends containing DEE as an additive demonstrated decreased emissions of Nitrogen Oxides (NOx) and Carbon Monoxide
(CO), with a slight increase in Hydrocarbon (HC) emissions. This research highlights the comparative suitability of DEE as an
additive for enhancing the suitability of biodiesel-SVO blends as a fuel source for diesel engines.
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1.0 Introduction

Theneed for cleanerand renewable fuelshasbecome urgent
as fossil fuel reserves deplete and emission regulations
become stricter Performance!. These alternative fuels
are blended with traditional diesel fuel in different ratios
to both lower emissions and ensure acceptable engine
performance®’. Nevertheless, a complete shift from fossil
fuels to renewable alternatives would require significant
modifications to engine hardware due to operational and
technical constraints associated with their combustion
in engines!. Alcohols have been explored as potential
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alternative fuels for SI engines. Furthermore, it also can
be used as a fuel additive for diesel. A lot of research is
currently under investigation on CI engine. Among the
various alcohol types, ethanol and butanol have been
extensively studied. Results showed that ethanol and
butanol have lower cetane numbers compared to diesel’.
This raises questions about their suitability as fuel additives
in CI engines. DEE and DME stand out as a better liquid
fuel additive. at ambient temperatures, making it a more
convenient choice as a diesel engine fuel additive without
requiring extensive modifications, unlike DME, which is
in gaseous form®®.
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Only a few studies have explored the possibility of
using DEE as an alternative fuel supplement in diesel
engines. Rakopols et al. ®® concluded research on this
subject and found that the optimum is 24%. Moreover,
the use of DEE does not change BTE but slightly increases
BSFCM,

Banapurmath et al. ** discovered that incorporating
up to 20% DEE into diesel fuel had a positive impact on
engine brake thermal efficiency. Paul et al.,”* delved into
the effects of blending DEE with diesel fuel in varied
proportions, and concluded that 5% addition of DEE
shows better performance than 10%. Employing both 5%
and 10% DEE led to diminished engine smoke and HC
emissions when compared to using diesel fuel exclusively.
Karabektas et al.,'* conducted an investigation aiming to
assess the potential of utilizing Diethyl Ether (DEE) as
an additive in a dual-fuel CI engine with a 40% natural
gas blend. Furthermore, the study demonstrated that the
inclusion of DEE into biodiesel improves performance
and emission characteristics'>'¢.

Previous research has established that DEE can
improve the performance of CI engine. It also reduces
emissions when used as a fuel additive. However, the
number of studies on DEE as a diesel engine fuel additive
is limited. Therefore, further research is needed to
comprehensively assess the impact of DEE®®. While DEE
can be commonly used for cold start assistance for CI
engines. As it has a low auto-ignition temperature’, it
may cause increased wear and tear on the diesel injection
system because of its exceptionally low viscosity. Hence,
it is recommended to blend DEE with limited quantities
of diesel or biodiesel as an additive to address this issue.
Furthermore, concerns arise regarding DEEs as they
lead to the formation of peroxides when it mixes with
air17,18‘

The aim of this study was to perform an experimental
analysistoassesshow theinclusion of DEE asafuel additive
affects the performance and emission characteristics
of diesel engines. The research involved mixing DEE as
an additive, up to a 10% concentration, with biodiesel-
Straight Vegetable Oil (SVO) blends derived from
Pongamia seeds. The resulting blend’s performance was
evaluated on a single-cylinder diesel engine without any
modifications
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2.0 Methods and Materials

2.1 Pongamia Biodiesel Production

The initial step in biodiesel production involves acid
transesterification. Pongamia oil has high FFA, hence acid
esterification will increase the yield of production and
reduce difficulties in transesterification. The optimized
production was conducted in various samples. It was
found stirring at 500-600 RPM, utilizing 30% methanol
and 0.5% sulfuric acid and 60°C yielded the best. The final
product was allowed to settle. Two distinct layers were
found. The bottom layer found lower FFA levels, used for
further processing. Transesterification is carried out using
30% methanol and a catalyst, KOH (11.22 grams) on a
molar basis. The reaction was conducted for 2 to 3 hours.
The resultant solution is allowed to settle in a separating
flask. Excess alcohol and impurities are further removed
through a water-washing process. The resulting product
is then heated to above 110°C to eliminate any remaining
moisture.

The biodiesel obtained is subjected to three rounds of
warm water washing at 50-60 °C to remove any catalyst
and soap content. Clear water indicates the absence of
catalysts in the biodiesel. Finally, the product is heated
to 110°C to obtain dry biodiesel, completely free from
moisture. This thorough process results in the production
of pure biodiesel.

2.2 Test Engine Setup

Figure 1 provides a visual representation of the
experimental configuration utilized in the study. In this

Figure 1. Experimental test engine.
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setup, fuel is delivered to the engine via a dedicated fuel
tank linked through a fuel line, and the fuel flow rate
is quantified using a burette. The engine is linked to an
eddy current dynamometer, which, in turn, is connected
to an electrical current source to impose a load on the
engine. The dynamometer generates a counteracting
electromagnetic force opposing the engine’s rotational
direction, thereby elevating the engine load. The
engine’s rotational speed remains constant throughout
various loads, and observations are made regarding
the time taken to deplete a specific amount of fuel and
the applied torque. To initiate the engine, the fuel tank
valve is opened, allowing fuel to be transported to the
engine through the burette, following which the engine
is cranked. The engine’s output is connected to the eddy
current dynamometer, which applies the opposing
current to augment the engine’s load. Additionally, a
sensor is integrated to measure the torque applied to the
engine.

3.0 Results and Discussions

3.1 Engine Performance

The engine performance with Pongamia biodiesel,
Pongamia straight vegetable oil, and DEE blends have
been evaluated in terms of BSFC, BSEC, and BTE, at
different loading conditions of the engine.

3.1.1 Brake Thermal Efficiency

Figure 2 illustrates the relationship between load and
Brake Thermal Efficiency (BTE) for various fuels. It's
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worth noting that an increase in load generally leads to
higher BTE due to reduced heat loss and increased power
output. Upon closer examination of Figure 2, it becomes
evident that BD80SVO15DE5 and BD80SVO10DE10
exhibit superior BTE values compared to BD80SVO20.
This can be attributed to the fact that BTE is inversely
related to Brake Specific Fuel Consumption (BSFC).
Despite BD80SVO15DE5 and BD80SVO10DE10
having lower calorific values, their effective atomization
and combustion quality result in elevated BTE values.
This trend is also observable in higher blends, such as
BD60SVO35B5 and BD60P30DE10.

3.1.2 Brake-Specific Fuel Consumption

Figure 3 illustrates the relationship between load and
Brake-Specific Fuel Consumption (BSFC) for two
different fuel blends. It is evident that, across all the tested
fuels, there is a noticeable reduction in BSFC as the load
increases. BD80SVO15B5 and BD80P10DE10 exhibit
notably lower BSFC when compared to BD80SVO20,
and this reduction in BSFC becomes more pronounced
with an increase in the additives within the blends,
despite their lower calorific values. This phenomenon can
be attributed to superior atomization and combustion
quality. This trend is also observed in higher blends, such
as BD60SVO35B5 and BD60P30DE10.

3.1.3 Brake-Specific Energy Consumption

The concept of Brake Specific Energy Consumption
(BSEC) offers a convenient parameter, as it remains
unaffected by the type of fuel used. This allows for a
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Figure 2. Comparison of BTE with BP for fuel blends and additives.
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Figure 4. Comparison of BSEC with BP for fuel blends and additives.

straightforward comparison of energy usage rather than
solely focusing on fuel consumption. Figure 4 provides
a graphical representation of how BSEC varies with
load for all fuels. Across all fuels tested, an increase in
load consistently led to a decrease in BSEC. The data
presented in Figure 4 reveals that BD8OSVO15B5 and
BD80P10DE10 exhibited lower BSEC values compared to
BD80SVO20. This reduction in BSEC can be attributed
to the higher concentration of additives in the fuel blend,
which enhances atomization and combustion quality. This
trend persists even in higher blends like BD60SVO35B5
and BD60P30DE10, where a decrease in BSEC is observed
despite their lower calorific values.

3.2 Exhaust Emissions

3.2.1 Hydrocarbon Emission

Figure 5 depicts the influence of additives on hydrocarbon
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(HC) emissions. Within the combustion process,
unburned HC emanates from various sources within
the cylinder. The findings indicate that incorporating
oxygenated compounds in biodiesel results in a reduction
in HC emissions when combined with Straight Vegetable
Oil (SVO). Nevertheless, the introduction of additives
leads to an elevation in HC emissions when compared to
the biodiesel and SVO mixture. To be more precise, HC
emissions increase by up to 90% for BD8OSV15DEOQ5 and
120% for BD60SV35DEO05.

3.2.2 Carbon Monoxide Emission

From Figure 6, it is evident that the emission of carbon
monoxide (CO) in biodiesel and Straight Vegetable Oil
(SVO) blends is lower than that in conventional diesel
fuel, even in the absence of additives. Nevertheless,
the inclusion of additives leads to a more pronounced
reduction in CO emissions, as exemplified by the decreases
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Figure 6. CO emission with BP for fuel blends and additives.

seen in blends like BD80SV15DE05 and BD60SV35DE05
when compared to blends lacking additives. Moreover, it
was observed that as the proportion of additives in the
blends increased, there was a corresponding increase in
the magnitude of the reduction in CO emissions.
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3.2.3 Nitrogen Oxide Emission

In Figure 7, a comparison of emissions for various
blends is presented. The data demonstrates that as the
speed decreases, NO emissions show an increase across
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Figure 7. NOx emission with BP for fuel blends and additives.
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Figure 8. EGT emission with BP for fuel blends and additives.

all blends. Furthermore, the introduction of additives
in the blends results in a noteworthy reduction of NOx
emissions, with blend BD80SV10DE10 experiencing up
to a 46% decrease and blend BD60SV35DEOQ5 achieving
an impressive 53% reduction in NOx emissions.

3.2.4 Exhaust Gas Temperature (EGT)

Figure 8 displays a chart depicting exhaust gas
temperatures for various fuel blends. The data clearly
shows that both BD and SVO blends yield elevated
EGT values. Nonetheless, it is feasible to reduce EGT by
introducing additives into these fuel blends.

4.0 Conclusions

From the preceding discussions, we can draw the
following conclusions: Fuel additives have demonstrated
their capacity to enhance the characteristics of fuel blends,
encompassing density and viscosity, thereby leading to
superior atomization and improved combustion attributes,
resulting in elevated engine brake power, reduced BSFC,
and increased BTE. Within this spectrum of additives,
Diethyl ether stands out as the most notable contributor
to these enhancements, thanks to its lower density and
viscosity profile and its elevated calorific value. Brake
thermal efficiency rises with the augmentation of additive
proportions in Biodiesel but remains comparatively lower
when dealing with pure Biodiesel. BSFC attains its peak
with pure Biodiesel under all load conditions due to its
high density, pronounced volatility, and diminished heat
content. Nevertheless, as the percentage of additives
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increases, BSFC diminishes owing to the more efficient
combustion process. Diesel fuel registers the highest
CO and HC emissions, whereas pure Biodiesel exhibits
the lowest levels, attributable to its heightened oxygen
content. Yet, with an increase in additives in Methyl ester,
both CO and HC emissions exhibit a downward trend.
Pure Biodiesel presents the highest levels of smoke and
NOx emissions, owing to its elevated viscosity, volatility,
and decreased heat content in comparison to diesel fuel.
Nevertheless, as the additive percentage rises in Biodiesel,
the levels of smoke and NOx emissions decrease. The
exhaust gas temperature reaches its zenith with pure
Biodiesel, primarily due to its elevated combustion
temperature arising from the heightened oxygen content.
Nonetheless, as the additive percentage escalates, the
exhaust gas temperature experiences a corresponding
decline. Consequently, Diethyl ether emerges as a viable
and effective fuel additive for biodiesel and straight
vegetable oil when used in diesel engines, requiring no
hardware modifications.
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