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Abstract

Diesel engine is widely used in the different
applications of the modern life. Diesel fuel
quality is an important indicator of the engine
efficiency and exhaust emissions. However,
the low cetane number of the commercial
diesel resulting from improper refining
processes lead to significant reduction in the
engine efficiency. Hence, the aim of this study
is to use diethyl ether to improve the fuel
quality for better engine performance at lower
engine emissions. Diethyl ether has been used
at 5% percentage with commercial diesel, and
the cetane number of the fuel was measured.
Engine test was conducted at increasing speed
to evaluate the engine performance and
emissions. The study results show an
improvement in the fuel cetane number from
49 to 51 with 5% diethyl ether. Furthermore,
significant increase in engine power by about
10% has been recorded for the whole engine
speed with slightly lower specific fuel
consumption at low and medium engine
speeds. Moreover, noticeable reduction in NOx
emissions and CO emissions has been
observed compared to commercial diesel.
Therefore, it can be concluded that the
utilization of diethyl ether as a fuel additive
with commercial diesel can be considered for
improving engine efficiency and control
exhaust emissions.
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1. Introduction

The rapid increase in energy demand in the
whole world represents the main challenge for
the revolution of development. Unfortunately,
the traditional fuel sources like fossil fuel are
depleting with time which means that the
biggest obstacle in the future is the lack of
energy resources [1]. Currently, diesel engine
is commonly wused in industry and
transportation sectors, due to the high thermal
efficiency and durability compared to a petrol
engine [2]. Therefore, diesel fuel is occupied a
significant share of the world trade during the
recent years and the demand for this fuel
increasing continuously [3].
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Global warming is another concern of the
researchers and  scientists. The main
contributor to this phenomenon is the exhaust
emissions from internal combustion engines.
Due to the huge numbers of internal
combustion engines used, especially in the
transportation  sector, the environmental
pollution is worsening every year and results in
dramatically undesired climate changes [4].
Diesel engine performance and emissions
depend on the engine design and setting in
addition to the fuel quality. In general, diesel
engine emits higher NOx compared to a petrol
engine [2].

Many studies were conducted to improve the
engine performance and emissions through
developing new engine design and optimizing
engine setting. However, the findings from
these studies are difficult to apply due to a
large number of the existing engines.
Therefore, it is better to focus on improving
the fuel quality for better engine efficiency.
Fuel additives can be considered as the most
viable option to improve the commercial fuel

quality [5].

Chemical additives like diethyl ether that has
low auto-ignition temperature can be
considered as an excellent ignition improver
[6]. Due to the high oxygen content of this type
of additives, it can blend with diesel and
biodiesel fuels. The studies on usage of diethyl
ether with biodiesel fuel were conducted
mainly to improve the fuel property and reduce
the NOx emission from biodiesel [7]. Qi et al.
[8] found slight lower brake specific fuel
consumption when 5% of diethyl ether added
to the blend of soybean biodiesel-diesel fuel
(B30: 30% soybean+70% diesel). Furthermore,
CO emissions reduced with similar NOXx
emissions compared to blended fuel B30.
Likewise, 5% diethyl ether with ternary blends
(alcohol-biodiesel diesel) shows the better
engine performance, combustion and engine
emissions characteristics than without additive
[9]. Another study conducted using diethyl
ether with rubber seed biodiesel in lower
percentage to reduce engine emissions and
improve engine performance [10]. The same
trend of improvement is observed when using
diethyl ether with Karanja biodiesel [11] and
jatropha biodiesel [12]. On the other hand, 2%
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of diethyl ether additive with fish oil biodiesel
gave is suggusted as the best ratio of additive
that gavebetter reduction in all the engine
emissions when operating the engine with
exhaust gas recirculation technique [13].
The objective of this study is to investigate the
effect of diethyl ether additive on improving
the commercial diesel fuel quality. Diethyl
ether is used as a fuel additive at 5% and the
cetane number evaluated compared to that of
commercial diesel. The engine performance
and emissions have been measured and
evaluated at increasing engine speed. Engine
test has been conducted using commercial
diesel with 5% diethyl ether additive in
addition to commercial diesel without the
additive.

2. Exprimental Work
Fuel Preparation

The diesel fuel used in this study was supplied
from a commercial petrol station and stored in
a proper way using suitable plastic containers.
Diethyl ether has been provided by a
commercial chemical company and stored in
the chemicals storage. Table 1 shows the
specifications of diethyl ether [14]. Diesel fuel
and diethyl ether blended using mechanical
stirrer at 2000 RPM for 20 minutes to ensure a
homogenous mixture [14]. In addition to
commercial diesel fuel, diesel and diethyl ether
mixture has been prepared as; (95% Diesel +
5% Diethyl ether). In general, selection of
chemical additives to improve mineral fuel
properties depends on the feasibility of the
additives in addition to their blending property.
Furthermore, the toxicity of the additives
represents the main restriction for their usage
at high ratios. The fuel samples tests were
conducted directly after preparation to ensure
accurate results.

Cetane Number Measurement

The fuel cetane number of the fuel samples
was tested using Shatox sx-100 portable cetane
number analyser. For more accurate results, the
equipment has been calibrated using standard
diesel fuel specimen according to the
manufacturer calibration procedures provided
in the instructions manual. The fuel’s cetane
number test was conducted in triplicate
according to the ASTM standard procedures
test, and the average value is considered for
more accurate results.

Diesel Engine Test

Engine test was performed using four stroke
water cooled single cylinder Yanmar diesel
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engine with rated power of 12 HP at 2400
RPM engine speed. The engine compression
ratio is 17.7 and the injection timing 17° before
top dead center. The engine test has been
conducted at half throttle opening and variable
speed from 1200 RPM to 2400 RPM with 300
RPM increment. The exhaust emissions were
measured using exhaust gas analyser with
specifications shown in Table 2.

3. Result and Discussion
Fuel Cetane Number

Cetane number is an important indicator of the
fuel quality; the high cetane number of the fuel
shortens ignition time. This leads to decrease
the interval period between the start of fuel
injection and auto-ignition [15]. Higher cetane
number results in enhancing the fuel
combustion and improves the engine
performance. The fuel test results shown in
Figure 1 reveal an increase in the commercial
diesel fuel cetane number when adding 5%
diethyl ether. The cetane number of
commercial diesel fuel increases by about 6%
with 5% diethyl ether. This increase is due to
the high cetane number of diethyl ether
compared to commercial diesel fuel as shown
in Table 1.
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Figure 1: Effect of diethyl ether additive on
fuel cetane number

Engine Power

The engine test results present in figure 2 show
the same trend of increase for the engine power
with both fuels (diesel and Diesel + Diethyl
ether). In general, engine power increases with
increasing engine speed from 1200 RPM to
2400 RPM. However, it can be observed
clearly that the engine power achieved when
use 5% diethyl ether with commercial diesel
fuel is higher than that with commercial diesel
fuel without additive at all engine speeds.
From these results, it can be seen that the
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average increase of engine power for diesel
fuel with 5% diethyl ether is 5.23 % compared
to that for commercial diesel. This increase in
engine power is due to the effect of high cetane
number for diethyl ether as shown in Table 1,
which shorten the ignition delay and enhance
the fuel combustion.
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Figure 2: The trend of change of engine power
with increasing speed

Engine Specific Fuel Consumption (SFC)

The fuel consumption is an important indicator
of the engine efficiency to convert the fuel to
mechanical power. Figure 3 shows the trend of
change of fuel consumption with increasing
engine speed. Though both fuels show the
same trend, it can be seen that diesel fuel with
5% diethyl ether achieves slightly lower
specific fuel consumption at low and medium
engine speeds compared to commercial diesel
fuel. This decrease is due to the lower density
of diethyl ether compared to commercial diesel
as shown in Table 1 which enhance the fuel
spray distribution and reduce the fuel mass
required for the same engine power as the fuel
measuring system measure the fuel by volume
[16].
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Figure 3: The trend of change of engine SFC
with increasing speed

Engine Brake Thermal Efficiency (BTE)
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The brake thermal effeciency is an important
indicator for the engine operation with the
tested fuel. It is more appropriate to use this
parameter to evaluate engine operation than
brake specific fuel consumption as it is take in
consideration the heating value of the tested
fuel. Therefore, it can be considered as an
indicator for the engine’s fuel conversion
efficiency. Figure 4 shows the trend of change
of engine brake thermal efficiency with
increasing engine speed. Though both fuels
show the same trend, it can be seen that diesel
fuel with 5% diethyl ether achieves slightly
higher brake thermal efficiency by about 4%
compared to commercial diesel fuel at low and
medium engine speeds. This increase in brake
thermal efficiency may attribute to the higher
cetane number of diethyl ether compared to
commercial diesel as shown in Table 1 which
enhance the fuel combustion process.
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Figure 4: The trend of change of engine BTE
with increasing speed

NOx Emission

The high nitrogen oxides (NOx) emissions
from diesel engine compared to spark ignition
engine can be considered as one of the main
disadvantages of a diesel engine ). The side
effects of NOx on the environmental pollution
and human health lead to increasing the
interest to reduce these emissions. Figure 5
shows the trend of change of NOx emissions
with increasing engine speed. Though both
fuels show the same trend, it can be seen that
diesel fuel with 5% diethyl ether achieves
slightly lower NOx emissions compared to
commercial diesel fuel in many situations. This
decrease is due to the higher cetane number of
diethyl ether compared to commercial diesel
fuel as shown in figure 1. This leads to shorter
ignition time and reduces the in-cylinder
pressure temperature, as NOXx emissions
formation is increased at high temperature.

CO Emission

Carbon monoxide (CO) is a toxic gas result
from incomplete combustion of the fuel @),
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Figure 6 shows the trend of change of CO
emissions with increasing engine speed. It can
be seen from the figure that diesel fuel with
5% diethyl ether achieves slightly lower CO
emissions compared to commercial diesel fuel
for all speeds range. This decrease is due to the
higher oxygen content of diethyl ether
compared to commercial diesel fuel as shown
in Table 1. This leads to complete combustion
of the fuel which reduces the CO emissions
formation.

4. Conclusion

In this study diethyl ether has been used as a
fuel additive with commercial diesel, the
following conclusion can be summarized from
the study results:

e Fuel quality, particularly cetane number, is

an important indicator of engine
efficiency.

e The utilization of diethyl ether as
commercial fuel additive can be

considered to improve the cetane number
for better fuel quality.

e Better engine performance is achieved
with commercial diesel fuel and 5%
diethyl ether additive; significant increase
in engine power by about 10% has been
recorded for the whole engine speed with
slightly lower specific fuel consumption at
low and medium engine speeds.

e NOx and CO emissions are reduced
significantly by about 2.0% and 40%
respectively with diesel fuel and 5%
diethyl ether which indicate lower
emissions pollution from the engine
exhaust gases.

Table 1 Diethyl ether specifications

Chemical formula CsH100
Molecular weight (g/mol) 74.12
Oxygen weight % 21.6
Viscosity (cSt) at 20 °C 0.34
Cetane number 129
Specific gravity at 20 °C 0.714

Table 2 Exhaust gas analyser specifications

Type KANE
AUTOMOTIVE
Model KANE 4-3
Nitrogen oxides 1 ppm
(NOX) resolution
Carbon dioxides 0.1%
resolution
Carbon monoxide 0.01 %
resolution
Oxygen resolution 0.01 %
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