MECOMARE, 11 (1) (2022) pp. 41-49
) Published by: TRIGIN Publisher

&ﬁ : International Journal of Mechanical Computational and Manufacturing Research

Journal homepage: www.trigin.pelnus.ac.id

Study of Diesel Engine Performance Using Variations of
Dexlite Fuel Mixture and Corn Seed Oil

Samuel JW Siagian
Faculty of Engineering, University of North Sumatra, Indonesia

ARTICLEINFO ABSTRACT

Article history: Due in the world population continues to increase so the need for fossil

. fuels also increased. This is what requires us to look for other sources
Recelve_d March_ 14, 2022 beyond oil and gas, or that can be said alternative fuel. Alternative fuel
Revised April19, 2022 not only to solve the scarcity problem but also a problem of air
Accepted May 28, 2022 pollution caused by fossil fuels. This alternative fuel can be obtained
from the seeds of the rubber, corn, tobacco, oil seeds, sunflower

Keywords: seeds, and others where at designated for diesel engines. This study
o aims is to analyze the performance of TD-115. From this Research
Biodiesel diesel engine using corn biodiesel mixture Dexlite fuel by using
Co_rn (Dexlite, Dexlite + 5% Biodiesel, Dexlite + 10% Biodiesel, Dexlite + 15
. Dexlite o5 Biodiesel, Dexlite + 20% Biodiesel, Dexlite + 25% Biodiesel). Found
Diesel Performance  that the Power (P) decrease up to 40, Specific Fuel Consumption
(SFC) of the mixture increase up 48 Thermal Actual Brake Efficiency (
decrease up to 41%, rate of mass fuel (mf) decreased to 59%,
Volumetric Efficiency () decreases to 19%, Heat Losses decrease up
to 74%, Air Fuel ratio decreased to 44%.

This is an open access article under theCC BY-NClicense.

RO

Corresponding Author:

Samuel JW Siagian

Mechanical Engineering Department

North Sumatra University

Jin. Dr. T. Mansur No.9, Medan City, North Sumatra, 20222, Indonesia
Email: samuel@gmail.com

1. INTRODUCTION

Indonesia is running low, with an estimated supply of 86.9 billion barrels. This amount is estimated
to only be able to meet domestic energy needs for the next 23 years (Pranowo, 2009a). This
situation makes the development of energy diversification including bioenergy a top priority that
must be done in order to maintain energy security (Rampai, n.d.)The increasing population and the
high dependence of the Indonesian people on oil further exacerbate this condition (Arza & Murtala,
2021). The increase in population has an impact on increasing the need for transportation facilities
and industrial activities that (Arsandi et al., 2017) resulting in an increase in the need and
consumption of national fuel oil (BBM) (Sa’adah et al., 2017). The need for diesel fuel nationally
from year to year continues to increase successively (Wijianto et al., 2014).

As a result of dependence on petroleum as a fuel, the impact is very large (Kholig, 2015).
Therefore, in order to reduce dependence on fossil fuels (Meichika et al., 2021), it is necessary to
immediately take steps to obtain alternative energy sources (Pranowo, 2009b). The development of
bioenergy or biofuels as an alternative energy source is very strategic to overcome these problems
(Hambali et al., 2007). Facing the increasing scarcity of petroleum while the need for diesel fuel is
increasing along with the increase in the use of diesel engines (Sitorus et al., 2016), it is necessary
to look for other sources other than oil and gas. Alternative fuels that are possible are derived from
vegetable oils which are (Syah, 2006)found in plants such as coconut, castor seeds, sunflower
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seeds, soybeans (Sulistiani, 2016), peanuts. In this case, the author has studied and read several
studies on the use of alternative fuels derived from plants or from materials originating around our
environment (Prihandana et al., 2007). Among them is biodiesel made from a mixture of pertadex
and sunflower seed biodiesel (Kristianturi, 2019). Where from these studies affect the performance
of diesel engines resulting in a decrease in power of about 1-4% (Kristianturi, 2019), Specific Fuel
Consumption increases by about 11-58%, the actual thermal efficiency of the brake decreases by
about 2-6%, the mass flow rate of fuel decreases by about 4-14% (Tulus B Sitorus, et al. USU.
2015) (Dwi Bagaskoro, n.d.).

In addition, there are also other biodiesel studies, namely coconut oil biodiesel fuel which has
great potential to be applied as a substitute for diesel/diesel oil (Darmanto, 2006). The flash point of
coconut biodiesel is lower than that of diesel. The calorific value of coconut oil biodiesel fuel is
equivalent to diesel fuel (Aziz, 2010)(Seno Darmanto, Ireng Sigit A. Mechanical Engineering
UNDIP.2006). Other biodiesel that can be used as raw material for alternative fuels include sesame
seeds (Kuncahyo et al., 2013) (Arthur, et al. USU. 2016), rice husk biodiesel, and biodiesel from
plastic waste processing (Insan, 2020). So that the author's idea emerged to conduct research on
the use of biodiesel from corn kernels (Masruroh & Pahlawan, 2017). Where we know that corn is
one type of plant that can grow easily in almost all parts of Indonesia (Azwir et al., 2019). In
addition, corn is a plantation crop whose prices are still affordable (Tak, 2021).

The author also often sees in the author's living environment that most corn plants are only
used as animal feed to milled coffee mixing materials (Piryadi, 2013). So that the author's idea
emerged that underlies this research, namely to find out other economic functions of corn plants
(Widi, 2018)namely the feasibility of corn kernels as an alternative fuel for mixing, perhaps even a
substitute for fossil fuels (Widarti et al., 2016). So that it can be used to reduce the use of fuel ol
(fossil) (Serevina et al., 2021). In addition, one of the renewable energies that can be produced
with appropriate technology which is relatively simpler and according to the potential in the territory
of Indonesia, especially in rural areas is corn kernels which (Indonesia, n.d.) is one type of plant
that is easy to cultivate, produces fruit that contains vegetable oil and has the potential to be used
as raw material (Tasma, 2017) replacement/mixture of dexlite (biodiesel).

The purpose of the test is to determine the effect of a mixture of dexlite fuel and corn kernel
biodiesel on the performance of diesel engine generators (Fadhlullah, 2018). The benefits of
testing this research are: (1) To determine the economic function of corn kernels (Risal et al.,
2021)(2) To provide support to the government in reducing dependence on fossil fuels, especially
diesel (Meilani & Wuryandani, 2010) (3) To determine the advantages and disadvantages of each
tested fuel, namely Dexlite (Diesel CN:51), and a mixture of Dexlite with corn kernel biodiesel.

2. RESEARCH METHOD
2.1 Method of Collecting Data

The data used in this test include: (1) Primary data, is data obtained directly from measurements
and readings on the instrumentation unit and measuring instruments in each test. (2) Secondary
data, is data about the characteristics of the fuel used in the test.

2.2 Data Processing Method

The data obtained from the test results are processed using the existing formula, then the results of
the calculations are presented in tabulation and graph form.

Observation and Testing Phase, the parameters to be reviewed in this test are: (1) Motor
torque (T), (2) Motor power (N), (3) Specific fuel consumption (sfc), (4) Actual Brake Thermal
Efficiency (5) Volumetric Efficiency ( 6) Heat Loss (7) Percentage of Heat Loss. The test procedure
is divided into several stages, namely: (1) Testing a diesel engine using dexlite fuel. (2) Testing
diesel engine using dexlite fuel + Corn Biodiesel 5% (3) Testing diesel engine using dexlite fuel +
Corn Biodiesel 10% (4) Testing diesel engine using dexlite fuel + Corn Biodiesel 15% (5) Engine
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testing diesel using dexlite fuel + 20% Corn Biodiesel (6) diesel engine testing using dexlite + Corn
Biodiesel fuel 25%.

3. RESULTS AND DISCUSSIONS
3.1. Calorie Meter Bomb Test Results

Bomb calorimeter testing to get the calorific value of the fuel. The calorific value of the fuel is
obtained by looking at the difference in water temperature before and after the fuel calorie bomb
process takes place, can be calculated using equation 2.2. The results obtained are still the gross
calorific value of the fuel, so for the net calorific value of the fuel we use, we use the LHV (Low
Heating value) value of the fuel which is calculated using equation 2.4. The following table shows

the results of the bomb calorimeter test, along with the HHV and LHV values of the fuel:
Table 1. Bomb Calorimeter Test Results
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The highest average Low Heat Value (LHV) occurs in dexlite oil, which is 56171,9168. Meanwhile,
the lowest average Low Heat Value (LHV) occurs in Corn Seed Oil Biodiesel, which is 49260,1344.
So that the decrease in LHV is 12.30%. Meanwhile, the highest decrease in LHV that occurs
between Dexlite mixed with biodiesel, corn kernels is in a mixture with a 25% content, which is
7.33%.
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3.2. Diesel Engine Performance Test

The data obtained from the direct reading of the 4 stroke 1 cylinder TD-111 diesel engine test
device through the TD-115 reader will then be processed and calculated to get the performance of
the diesel engine.

3.2.1. Power

The amount of power from each test and each load variation is calculated using equation 2.5. For
testing with Dexlite fuel: Load: 3.5 Kg Engine speed: 1800rpm.

2xmx1800
P, = =————x 8.1
60
1)
Pb = 1.52kW

With the same calculation, it can be seen the amount of power generated from each test both in all
variations of the percentage of biodiesel, and loading conditions and engine speed as shown in

Table 4.9 below:
Table 2.Calculation Data For Power
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At a loading of 3.5 kg the lowest power occurred in tests using 25% biodiesel fuel at 1800 rpm
engine speed of 1.11156 kW while the highest power occurred in tests using Dexlite fuel at 2800
rpm engine speed of 2.90136 kW. So that the power loss that occurs is 61.68%.

At a loading of 4.5 kg the lowest power occurred in tests using 25% biodiesel fuel at 1800 rpm
engine speed of 1.92168 kW while the highest power occurred in tests using Dexlite fuel at 2800
rpm engine speed of 4.0736267 kW. So that the power loss that occurs is 52.82%. The comparison
of the amount of power for each test at each load and rotation variation can be seen in Figures 4.3
and 4.4 below:

Daya pada Pembebanan 3,5 Kg

Daya (WW)
»
»

Putaran (Rpm|

Figure 1. Graph of Power Vs Engine Speed For 3.5 Kg . Load
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Figure 2. Graph of Power Vs Rotation For 4.5 Kg . Load

Graphics 4.3 and 4.4 show that the greatest power occurs in the use of Dexlite fuel because the
highest calorific value (LHV) is found in Dexlite, in addition to the use of Dexlite also produces the
highest torque so that the power produced is the highest, which is equal to 54113.08 kJ/kgoC
Graphs 4.3 and 4.4 show that the highest power occurs in the use of Dexlite while the lowest power
occurs in the use of Dexlite + Biodiesel Corn 25%. This is due to the higher torque obtained with
Dexlite fuel than using biodiesel blended fuel.

3.2.2. Specific Fuel Consumption (SFC)

The specific fuel consumption of each test at each variation of load, rotation and fuel can be
calculated using equation 2.14. With the large fuel flow rate obtained in section 4.4.2, for testing
using Dexlite material with a load of 3.5 kg there is an engine speed of 1800 rpm, the SFC value is
obtained:
SFC= 0,184 x 10°
1,52
Sfe =121,05 (gr/kWh) @
By using the same method for variations in load, fuel, and engine speed, the SFC calculation

results are obtained as shown in Table 4.15 below:
Table 3. Calculation Data for Specific Fuel Consumption
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At the loading of 3.5 kg the highest SFC occurred in the use of biodiesel 25% at 1800 rpm, which
was 198,8109907 gr/kwh and the lowest SFC occurred in the use of Dexlite fuel at 2800 rpm,
which was 104,16571gr/kWh. So that the increase in SFC that occurred was 47.60%. At the
loading of 4.5 kg the highest SFC occurred in the use of biodiesel 25% at 2800 rpm, which was
124.5850386 gr/kwh and the lowest SFC occurred in the use of Dexlite fuel at 2600 engine speed,
which was 73.493386 gr/lkwWh. So that the increase in SFC that occurred was 41,009%.
Comparison of SFC values for each fuel test can be seen in Figures 4.15 and 4.16 below.
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Figure 3. SFC vs Engine speed at 3.5 Kg . loading
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Figure 4. SFC vs Engine speed at 4.5 Kg . loading

Figures 4.15 and 4.16 show that the largest SFC occurs in the 1800 round 25% biodiesel because
this cycle has a low mf value. In addition, this is influenced by the calorific value of the fuel which is
small compared to the available fuel. The low calorific value results in fuel consumption that occurs
every hour the higher the power unit it generates because the fuel does not burn completely.

3.2.3. Injector Condition

To know the results of combustion in the combustion chamber it is necessary to know the condition
of the injector.
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Figure 5. Injector Condition

Description: (1) Initial condition of the injector, (2) Condition of the injector after burning Dexlite fuel
(3) Condition of the injector after burning Dexlite fuel + 5% Corn Biodiesel (4) Injector condition
after burning Dexlite fuel + 10% Corn Biodiesel ( 5) Condition of injector after burning Dexlite fuel +
Corn Biodiesel 15% (6) Condition of injector after burning Dexlite fuel + Corn Biodiesel 20% (7)
Condition of injector after burning Dexlite fuel + Corn Biodiesel 25%.

From these conditions, it can be seen that the dirtiest condition of the injector is the
combustion of Dexlite fuel + 25% Corn Seed Biodiesel, this indicates that the combustion of Dexlite
+ 25% biodiesel fuel is incomplete so that it leaves combustion residue in the combustion chamber
which causes the injector to be dirty.

3.2.4. Economic Value of Fuel Mix

The economic value of the fuel mixture is calculated as a consideration of whether this fuel mixture
is feasible to be marketed. The following details the calculation of the selling price of mixed fuel:
Corn oil price : Rp. 63.000,-/Liter Dexlite fuel price: Rp. 8.400,-/Liter The percentage of mixed
content to be calculated is 15%. The amount of corn oil at 15% content in the mixture for the use of
1 liter of corn biodiesel is 15% x 1000 mL = 150 mL / liter of fuel mixture. So that obtained for 1 liter
of corn oil can produce as much mixture.

1000 ml = 6,7 Botol campuran
150 mL 3)

Meanwhile, Dexlite fuel content in 1 liter of fuel mixture is 85% x 1000 mL = 850 mL/liter mixture.
So that it is obtained, the amount of Dexlite fuel for the use of 1 liter of corn oil is: 6.7 mixture X 850
mL = 5,695 mL. Cost for Dexlite 5,695 L x Rp. 8.400,- = Rp. 47,838,- The amount of mixture
obtained is 6,695 Liters / liter of corn oil. So the price of the mixture of Dexlite and corn oil biodiesel
is:

Rp. 63.000, + Rp 47.838.- = Rp. 16.435.-/ Liter Campuran

6,695 liter
The effect of diesel engine performance between the use of dexlite and dexlite + 15% biodiesel is
as follows: Power produced by the engine on fuel consumption: (1) Dexlite, Speed: 1600 rpm,
Load: 3.5 Kg, Power: 1,5260 kW. (2) Biodiesel 15%, Speed: 1600 rpm. Load: 3.5 Kg. Power:
1.2622 kW. The decrease in power that occurs is 26.38%.

4. CONCLUSION

From the test results based on the amount of biodiesel used (Dexlite, Dexlite + 5% Biodiesel,
Dexlite + 10% Biodiesel, Dexlite + 15% Biodiesel, Dexlite + 20% Biodiesel, Dexlite + 25%
Biodiesel) it is obtained that: (1) The highest torque on the use of dexlite at 2800 rpm at a loading
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of 4.5 kg while the lowest torque is at the use of 25% biodiesel at 1600 rpm at a loading of 3.5 kg.
So that the torque decreases by about 26-40%. (2) The highest power is at the use of dexlite at
2800 rpm at a loading of 4.5 kg while the lowest power is at the use of biodiesel 25% at 1600 rpm
at a loading of 3.5 kg. So that the power decreases by around 52 — 62%. (3) The lowest fuel flow
rate on the use of dexlite at 1600 rpm rotation at loading 3, 3.5 kg Volumetric Efficiency decreased
by 18 - 19%. (5) The lowest specific fuel consumption (SFC) is at the use of dexlite at 2600 rpm at
a loading of 4.5 kg while the highest SFC is at the use of biodiesel 25% at 1600 rpm at a loading of
3.5 kg. ) increased by about 41-47%. (6) The highest actual brake thermal efficiency was applied to
dexlite at 2600 rpm at a loading of 4.5 kg, while the lowest actual brake thermal efficiency was at
25% biodiesel at 1600 rpm.rpm at 3.5 kg load The actual thermal efficiency of the brakes
decreases by about 22-40%. This is influenced by the calorific value which decreases when the
use of biodiesel increases.

Suggestions in this study are: (1) Completing and studying measuring instruments at the time
of testing to obtain better test results. (2) Waiting for stable engine speed when raising and
lowering the speed in order to get the right engine speed when testing at different speeds through
readings on the TD-115 reading instrumentation. (3) Develop this test using a variety of different
fuel mixtures that are more promising. (4) Prioritize work safety in testing.
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