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The increasing use of fossil energy is causing a national and global energy crisis. To
reduce dependence on fossil energy, planned actions are being taken to replace fossil
energy with alternative energy sources, one of the alternative fuels that can be burned
is ethanol or ethyl alcohol. This research aims to identify the effect of using a mixture
of ethanol and water fuel, by controlling the ethanol content and the effect of engine
speed on power and specific fuel consumption in direct injection engines, as well as
identifying the interaction between ethanol content and engine speed. This research
uses an experimental method by testing a direct injection engine connected to an
electric generator to determine power and SFC by testing variations in ethanol content
and engine speed. For the load in this test, 3 so is 250 Watt lamps are used. The result
was that when testing the direct injection engine using a 93% ethanol fuel mixture it
produced a power of 0.115 kW at 1300 rpm, while in the 96% ethanol test the power
obtained was 0.118 kW at the same engine speed. For an ethanol content of 99% at
1900 engine speed, the highest power is obtained, reaching 2,326 kW, this indicates
that the higher the ethanol content used, the greater the power produced. However, the
SFC value has decreased. As in testing 93% ethanol content at 1300 engine speed, the
SFC obtained was 2.2997 L/kWh. At 99% ethanol content, SFC experienced a
minimum decrease of 0.6418 /kWh. At low ethanol levels, the water content tends to
be high which causes the combustion process to be incomplete.

Keywords: Ethanol, Alternatives, Engine Speed, Direct Injection, Power, Specific
Fuel Consumption.

1. INTRODUCTION

Human needs increase along with population growth. The
current problem is the decrease in the amount of fossil fuels
and the increase in air pollution caused by conventional
vehicle exhaust gases. Diesel and otto engines still use a lot
of fossil fuels and will always increase [1]. Increasing
consumption of fossil energy is causing an energy crisis
both at the national and international levels. To reduce
dependence on fossil energy, strategic steps can be taken
by replacing fossil energy with alternative energy sources
[2]. To be used as a homogeneous engine fuel mixture,
ethanol fuel must have a concentration of more than 96%,
known as absolute ethanol. It is used because it contains
very little water, even almost pure, so that when mixed
directly with fuel, the mixture will mix perfectly and can
enter the combustion chamber [3]. Ethanol contains lower
levels of carbon and hydrogen, so the oxygen (O2) content
will be higher, so the use of ethanol fuel makes the
combustion process perfect [4]. The process of evaporation
of water that occurs in the combustion chamber will form
hydroxide and hydrogen at high temperatures, this aims to

absorb heat during combustion [5]. Ethanol's (Higher
Octane Value) increases the engine's compression ratio and
also improves thermal efficiency. An electric generator,
also called an alternator, is an alternating current electric
machine that uses voltage and current to produce
alternative current electricity, AC when there is an induced
magnetic field, changes in the magnetic field in the anchor
coil, or connected place, causing relative movement
between the magnetic field and the generator coil. [6].
Chemical energy is converted into heat during the
combustion process, which produces residual gases [7].
The combustion residue produces various dangerous
substances emitted by the exhaust such as CO (carbon
monoxide), O, (oxygen), HC (hydrocarbon), NOx (nitrous
oxide), CO; (carbon dioxide), and H,O. Diesel fuel is a fuel
that has many carbon atoms and also long carbon chains.
When compared to gasoline, diesel fuel is more stable but
requires high temperatures to evaporate [8]. Research
conducted by Simeon obtained results that increasing the
ethanol content in the fuel mixture could cause a decrease
in fuel consumption. This test was carried out on a four-
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cylinder diesel engine. In addition, the smoke in the mixture
of diesel fuel and ethanol decreases when the engine speed
is higher [9], [10]. Jehad concluded that the addition of
hydrogen and ethanol to gasoline engines can reduce fuel
consumption and harmful emissions [11], [12]. Therefore,
from several studies on ethanol that have been carried out
by researchers who analyze that the use of fossil fuels will
eventually run out with increasing population, there must
be a replacement for fossil fuels as reserves and renewable
sources, namely ethanol fuel. This research was carried out
on a direct injection engine using a mixture of ethanol and
diesel fuel, to determine the effect of ethanol on power and
specific fuel consumption. Later, the combustion chamber
will be modified so that the compression obtained is higher,
namely by modifying the camshaft so that the injection time
is more advanced which will produce a higher compression
pressure than standard and changes to the cylinder head
packing to obtain optimal power and more efficient fuel
consumption. The use of a single cylinder diesel engine and
an electric generator to act as a link between the engine and
the load (lights). The engine will be processed and modified
in that the injection timing is advanced so that the
compression pressure is higher than standard. Thus, it is
necessary to test the effect of using ethanol in direct
injection engines. This research was conducted to
determine the effect of ethanol content on power and
specific fuel consumption in direct injection diesel engines.
Internal combustion engine shaft power is the power used
to move the load. Engine power is the amount of
performance a machine performs in a certain period of
time. Equation 1 shows the power formula.

P=VxI 1)

Where, P is power, V is voltage, | is current.

Specific fuel consumption is a measure related to economic
prices because it can calculate the amount of fuel used to
produce a certain amount of power in a certain time [9]. To
find out how much specific fuel consumption is needed, can

be seen the equation 2. BFC = VT—f x 2290

1000 (2)
Where, BFC is Fuel consumption (L/Hour), Vf is Amount

of fuel consumed / second (ml), t is Time required for fuel
consumption (s).

2. RESEARCH SIGNIFICANCE

As fuel technology develops, there are more and more types
of fuel, such as alternative fuels, for example ethanol/ethyl
alcohol. According to Gaol, diesel engines have a higher
compression ratio than gasoline engines [13]. Therefore,
this research was carried out to determine the benefits of
ethanol fuel to increase fuel efficiency, improve engine
performance, minimize specific fuel consumption, increase
engine power, increase octane value, and provide a greater
understanding of the effects of using alternative fuels. This
research uses a single cylinder diesel engine with a direct
injection system connected to an electric generator by
adding a load in the form of a series of 3 lamps of 250 Watt
each. This test is important to carry out to determine the
effect of using ethanol fuel with levels of 93%, 96%, and
99% alcohol with engine speed variations of 1300, 1600

and 1900 rpm on a single cylinder diesel engine using a
direct injection system.

3. RESEARCH METHODS
3.1 Experimental Setup

The experimental setup of the research shows the Fig. 1.

Fig 1. Experimental Setup

The method used in this research is an experimental
method, namely by testing a single cylinder diesel engine
with direct injection and adding an electric generator as a
link between the engine and load, with variations in ethanol
content (93%), (96%), (99%) and engine speed with
variations (1300, 1600, 1900) rpm. This test uses an ampere
clamp and a digital multimeter to determine the current and
voltage produced, then to determine the engine speed, a
digital taco meter is used, and in testing specific fuel
consumption, a measuring cup, bured and stopwatch are
used to calculate the consumption required by the engine
per second. to produce power output. Renewable energy
sources are ethanol [14].

Testing was carried out with a direct injection diesel engine
connected to an electric generator using pulleys and fan
belts and placed on an iron frame or angle bar. This test
uses a load in the form of a series of three lamps, each
having 250 Watts and connected in parallel.

3.1 Materials

1. This test uses alcohol/ethanol fuel, in this test the
ethanol used is Smartlab ethanol (PA) type or absolute
ethanol. This ethanol has a purity of up to 99%. It seen
the Fig 2.

Fig 2. Etanol 99%
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2. The diesel used is biodiesel, the use of diesel is used
to lubricate the fuel pump so that fuel spraying can run
smoothly and avoid wear and tear on the fuel pump
which is caused by the water content contained in the
ethanol. Diesel fuel is a type of fossil fuel that
contains hydrocarbons between 9 and 27 carbon
atoms [15]. can be seen below the theoretical and
simple 1 chemical reaction of diesel fuel in the
cylinder, It seen in equation 3 [16].

CigHsza + 24.5 1 (O +3.76 N2) — 16 CO, + 17 H,0 + 24.5
(A —1) 0z +92.12 N, 3)

Fig 3. Solar

3. The ratio of the mixture of ethanol and diesel is 50%
ethanol and 50% diesel, with levels including 93%,
~96% and 99%, as seen in Fig 4.

Fig 4. Etanol+Solar (1) Etanol 93% (2) Etanol 96 (3)
Etanol 99%

3.2 Experimental Procedure

The testing process was carried out in the ground floor
engine room. The tests used a series of diesel engines and
electric generators connected to parallel light circuits with
varying mixtures of ethanol and water fuel with alcohol
levels (93%, 96%, 99%). A mixture of diesel fuel and
ethanol is more difficult to mix due to the higher solubility
and stability of alcohol [17]. The addition of additives
functions to increase the solubility between ethanol and
diesel fuel [18]. The effect of the diesel-diesel mixture can
increase the BSFC [19]. The heat of combustion of alcohol

is lower than the heat of diesel fuel [20]. Setting engine rpm
using the Digital Taco Meter for engine rpm between 1300,
1600 and 1900. According to Peniel, engine performance
with fuels with different heat values and densities can be
compared with brake specific fuel consumption (BSFC).
Diesel engines are called compression ignition and (high
pressure engines) [21].

The process of collecting power test data is as follows:

1. Prepare a single cylinder diesel engine, electric
generator, and a load in the form of 3 is 250 Watt
lamps.

2. Prepare the fuel to be used, namely a mixture of

ethanol and water.
Prepare a taco meter to determine the engine speed.
4. Installing a series of general diesel engines and
electric generators
5. Install a multimeter probe into the generator socket
to determine the electrical voltage produced.
6. Install an amperage clamp on the light circuit cable
to determine the current emitted.
7. Record power test results data.
The higher the octane of the fuel, the more power the
vehicle will produce [22]. Butanol is an alcohol that has a
high concentration, this can be used to prevent phase
separation in diesel-ethanol mixtures [23]. One of the most
commonly used measuring instruments to measure electric
circuit current is an ammeter or amperage clamp [24].
Indirect pure ethanol fuel can be used as a substitute for
gasoline engines [25]. Biodiesel or diesel oil functions as
a vegetable lubricant in diesel internal combustion engines
[26].

Ll

The process of collecting consumption test data is as
follows:
1. Prepare a measuring cup (100 ml size)
2. Prepare a mixture of ethanol + water fuel
3. Enter a variety of fuel mixtures, namely 50 ml, into
the engine
4. The timer for each test is recorded for every 2
minutes of fuel consumed from variations in fuel
mixture and engine speed
5. Calculate the difference between incoming and fuel
consumption

4. RESULT AND DISCUSSION

According to Putra, the higher the compression ratio,
the power increases, will increase and tend to decrease
further. Tests were carried out on direct injection diesel
engines using a mixture of ethanol and diesel fuel, so that a
graph is obtained regarding the power released by the
engine and the specific fuel consumption. So that a graph
is obtained regarding the power released by the engine.
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Fig 5. Corelation of Engine Speed and Power

From the results of research carried out on direct injection
diesel engines using a mixture of ethanol and diesel fuel,
test results were obtained as shown in Fig 5. when using
93% ethanol fuel, an average result of 0.115 kW is
obtained, meanwhile using 96% ethanol content produces a
power of 0.118 kW, then at 99% the power yield continues
to increase drastically, until the power is obtained. The
highest is reaching 0.642 kW at 1900 engine speed, so it
can be stated that the higher the alcohol content, the higher
the power, this is because the water content in the fuel
mixture is less and makes combustion in the combustion
chamber more complete. In the graph it can be seen that the
levels of 93% and 96% at engine speeds of 1300 to 1600
rpm have not increased significantly compared to 1900
rpm, because the higher the engine speed, the more easily
the fuel will burn and the ethanol content of 99% is more
responsive during the combustion process.
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Fig 6. Corelation of Engine Speed and SFC

from the results of research carried out on direct injection
diesel engines using a mixture of ethanol and diesel fuel,
test results were obtained as shown in Fig 6. Specific fuel
consumption when using 93% ethanol at rpm 1300 requires
more fuel consumption and the value SFC is 2.2997
L/kWh. Then at 1600 rpm there is a decrease in terms of
the specific fuel consumption graph, because when the
engine speed is higher, the fuel pump will supply more fuel
to the combustion chamber. At 1300 SFC the resulting
engine speed is unstable because at the start the engine
requires a large amount of fuel. In fuel mixtures with higher
ethanol content, specific fuel consumption decreases, this
occurs because the higher the ethanol content and engine
speed, the more efficient the combustion that occurs in the
combustion chamber and burns completely.

The problem formulation in this research includes:

1. How does ethanol content affect power and specific
fuel consumption in direct injection engines?

2. How does engine speed affect specific power and fuel
consumption in direct injection engines?

3. What is the interaction between ethanol content and
engine speed on specific power and fuel consumption
in direct injection engines?

Furthermore, the calculation of power and specific fuel

consumption (SFC) can use two-way ANOVA

calculations. By looking at the comparison between
ethanol content and direct injection diesel engine speed.

The following are the results of the two-way ANOVA

calculation with the results, how does ethanol content and

engine speed affect power and specific fuel consumption

(SFC):

=  Two-way anova calculation with 93% ethanol content
In the above test using an ethanol-diesel fuel mixture,
the heat of combustion of alcohol was lower than that
of diesel fuel, which means less thermal effect on
cylinder and piston components [27]. by adding 93%
ethanol content and varying engine speed between
1300, 1600 and 1900 rpm. One of the engine
characteristics is the amount of fuel consumed which
is usually called the Specific Fuel Consumption (SFC)
[28]. The following are the results of the analysis in
Table 1. Two-way ANOVA:

Table 1. Anova Using 93% Content Etanol

ANOVA

Source of Variation 8§ df MS F P-value  F crit
rpm 0.528819 2 26.44097 2.639056 0.0011223 3.885294
levels 4.823831 1 4823831 48.14635  0.00001 4.747225
Interaction 2.791204 2 1.395602 13.9294]1 0.0007446 3.885294
Within 1.202292 12 0.100191

Total 9.346146 17
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1. The results of testing the ethanol content on the
P-value obtained an rpm value of 0.00089. This value
is less than 0.05, so the ethanol content of 93% affects
the power and specific fuel consumption.

2. The results of the engine speed test are the same as the
P-value results for engine speed, namely <0.05 and a
value of 0.04072. indicates that there is an influence
of engine speed on power and specific fuel
consumption.

3. The interaction between 93% ethanol content and
engine speed in this test obtained a result of 0.00485,
so this value is less than 0.05, which means there is an
influence between the two in tests using a mixture of
ethanol and diesel fuel in a direct injection diesel
engine.

so the use of 93% ethanol content produces constant power
and high SFC values due to the large amount of water
content present in the fuel, so that the fuel mixture is not
homogeneous.

= Two-way ANOVA calculation with 96% ethanol
content

The following are the results of two-way ANOVA
calculations with statistical tests, what is the effect of using
a mixture of ethanol and diesel fuel, with the addition of
ethanol content of 96% and engine speed on power and
specific fuel consumption (SFC). So that the anova results
are obtained as follows:

Table 2. Anova Using 96% Content Etanol

ANOVA

Source of Variation AN df MS F P-value Ferit
pm 1.86786424 2 9.33932 4.22941488 0.00407195 3.8852938
levels 4.24753203 1 4.24753203 192354185 0.00088719  4.7472253
Interaction 3.79009723 2 1.89504862 8.5819372 0.00485307 3.8852938
Within 2.64981930 12 0.22081828

Total 12.5553129 17

The results in the ANOVA table above are using an
ethanol-diesel fuel blend, adding 96% ethanol content and
varying the engine speed between 1300, 1600 and 1900
rpm. The following are the results of the analysis in Table
2. Two-way ANOVA:

1. The results of testing the ethanol content on the P-
value obtained an rpm value of 0.000056. This value
is less than 0.05, so the ethanol content affects the
power and specific fuel consumption.

2. The engine speed test results are the same as the P-
value results for engine speed, namely <0.05 and get
a value of 0.00112. indicates that there is an influence
of engine speed on power and specific fuel
consumption.

3. The interaction between 96% ethanol content and
engine speed in this test obtained a result of
0.00074463, so this value is less than 0.05, which

means there is an influence between the two in tests
using a mixture of ethanol and diesel fuel in a direct
injection diesel engine.

So that the use of 96% ethanol content results in an
increase in power and lower SFC values due to the less
water content contained in the fuel, so that combustion in
the combustion chamber can be homogeneous.

= Two-way ANOVA calculation with 99% ethanol
content

The following are the results of two-way ANOVA
calculations with statistical tests, what is the effect of using
a mixture of ethanol and diesel fuel, with the addition of
99% ethanol content and engine speed on power and
specific fuel consumption (SFC), so the following
calculation results are obtained:

Table 3. Anova Using 99% Content Etanol

ANOVA

sS df

Source of Variation

MS F P-value F erit

pm 1.91936116 2
levels 2.06605185 |
Interaction 4.374769 2
Within 0.09707652 12
Total 8.45725853 17

0.95968058 118.629789
2.06605185 255.392576
2.1873845

0.0000124  3.8852938
0.0000187  4.7472253

270.39097  0.0000104 3.8852938

0.00808971

a mixture of ethanol-diesel fuel was used, adding 99%
ethanol content and varying engine speed between 1300,

1600 and 1900 rpm. The following are the results of the
two-way static ANOVA analysis: The results of testing the
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ethanol content on the P-value obtained an rpm value of
0.00000. This value is less than 0.05, so Ethanol content
affects power and specific fuel consumption. The following
are the results of the analysis in Table 3. Two-way
ANOVA:

1. The test results of ethanol content at P-value obtained
rpm value of 0.00000. The value is less than 0.05, so
ethanol levels affect power and specific fuel
consumption.

2. The results of testing engine speed are the same as the
results of the P-value at engine speed, which is <0.05
and gets a value of 0.00000 indicating that there is an
effect of engine speed on power and specific fuel
consumption.

3. The interaction between 99% ethanol content and
engine speed in this test was found to be 0.00000. So
that the value is less than 0.05, which means that there
is an influence between the two in the test using a
mixture of ethanol and diesel fuel in a direct injection
diesel engine.

Because the higher the ethanol content and engine speed,
the power increases and the consumption required will be
less, this indicates that the engine combustion is perfect and
produces a minimum SFC.

This study uses a single-cylinder general diesel engine with
homogeneous ethanol + water and diesel fuel blends, with
variations of 93%, 96%, and 99% ethanol blends and 50%
diesel fuel, at 1300, 1600, and 1900 rpm engine speeds,
which only focuses on analyzing the use of ethanol in direct
injection engines under standard air conditions.

5. CONCLUSION

Based on tests on power and specific fuel consumption
using a mixture of ethanol and diesel fuel in direct
injection diesel engines, the following conclusions were
obtained:

[1 Adding ethanol content can increase engine power
from 0.0976 kW at 1300 rpm to 0.726 kW at 1900
rpm.

[1  Meanwhile, specific fuel consumption (SFC) when
using a mixture of ethanol and diesel fuel decreases
with each variation in engine speed. When varying the
ethanol content of 96%, the SFC results show a stable
decrease, this indicates that at the 96% level, a good
SFC value is obtained. At 1300 rounds with an ethanol
content of 93%, the highest average SFC value was
obtained at 2.2997 L/kWh. Then at the highest ethanol
content variation, namely 99%, the SFC value
decreases to 0.641838 L/kWh.
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