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Abstract

In recent years, advances in science and technology have changed human lifestyles and increased
global energy consumption. The global innovative search for alternative fuels from renewable
sources such as biomass has become important, such as biodiesel. The use of biodiesel in diesel
engines requires changes in air supply. Proper air supply is needed to obtain optimal engine
performance. The purpose of this study was to determine the effect of using an excess air system on
engine performance and exhaust emissions in diesel engines with a mixture of dexlite and biodiesel
fuels. The research method used is experimental research and the parameters in this study include
the use of an excess air system of 10 L / m, 20 L / m and a load of 300, 400, 500 Watt with biodiesel
fuel (B40). The results of this study with the presence of an excess air system can increase combustion
efficiency, thus increasing engine engine powerand torque with the most efficient engine power and
torque, namely 4.87 KW at a load of 500 watts and 3.101 Nm at a load of 500 watts with excess air
of 20 L/m. Fuel consumption also decreases with the presence of an excess air system at 10 L/m load
300 with a value of 0.16 kg/hour. The excess air system can also reduce CO and HC exhaust emissions
with excess air of 20 L/m and a load of 300 watts, namely a CO value of 0.02%, an HC value of 18.2
ppm. So the use of excess air is effective in improving engine performance and emissions.
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INTRODUCTION

In recent years advances in science and technology have changed human lifestyles
and increased global energy consumption. The increasing demand for fossil fuels has led
to the rapid depletion of conventional fossil fuel reserves[1]. This also increases the
greenhouse gas content in the atmosphere due to the burning of fossil fuels, which poses
serious concerns for the ecosystem. The global innovative search for alternative fuels
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from renewable sources such as biomass has become important[2]. Fossil fuels such as
coal, gas and crude oil are the world's main energy sources [3]. This dependence on fossil
fuels has caused environmental problems such as air pollution and climate change. The
negative impacts of air pollution, which have an impact on human health and socio-
economic costs, have encouraged researchers to look for the potential of replacing fossil
fuels with renewable energy [4].

Biodiesel is an alternative fuel produced from renewable resources, such as
vegetable oil or animal fat. Biodiesel is similar to conventional diesel fuel (petrodiesel)
and can be used as a substitute or fuel mixture in diesel engines without requiring
significant engine modifications. Blends of biodiesel and conventional diesel produce
similar or slightly lower engine power than pure diesel. The lower heating value of
biodiesel increases fuel consumption, resulting in higher SFC at higher blends [5].
Biodiesel is environmentally friendly because it reduces greenhouse gas emissions
compared to fossil fuels, thus helping reduce pollution and the impact of climate change.
In addition, biodiesel is a renewable energy source derived from renewable raw
materials, such as vegetable oil and waste oil, which contributes to reducing dependence
on fossil fuels[6]. The use of biodiesel has a significant influence on engine performance
and emissions. Biodiesel can affect power, torque and exhaust emissions such as CO and
HC[7]. The use of biodiesel can reduce exhaust emissions compared to conventional
diesel, and has the potential to increase engine efficiency[8]. However, these effects can
vary depending on the operational conditions of the machine, the type of biodiesel used,
and the biodiesel production process itself[9]. In this context, the aim of adding biodiesel
mixtures is one of the promising alternatives that has the potential to replace
conventional fuel [10]. The weakness in previous research is that it is still not optimal for
improving engine performance because the compression pressure in the combustion
chamber is still standard and there has been no increase. One way to increase it is by
adding air intake (Excess Air).

Previous researchers increased air pressure in the intake manifold using a
turbocharger to increase the volume of air entering the combustion chamber[11]. The
addition of a turbocharger system not only improves diesel engine performance, but also
fuel efficiency, reduces emissions, and provides benefits in other aspects such as engine
responsiveness and reliability[12]. The combustion process in a diesel engine is
influenced by air temperature and volume, fuel composition, and turbulence in the
combustion chamber [13]. The increased air pressure produced by the turbocharger also
increases the temperature of the incoming air in the intake manifold, so that the
temperature in the combustion chamber increases[14]. This decrease in temperature
makes the air molecules denser so that the volume of air entering the combustion
chamber increases and the temperature in the combustion chamber decreases. However,
lowering the engine temperature can reduce performance because combustion is less
than optimal, which affects the engine power produced. In addition, at low temperatures,
the engine may have difficulty maintaining consistent performance, especially under high
loads or rapid acceleration. Although harmful emissions can be reduced, the effectiveness
of the emission control system can also be affected, affecting the overall performance of
the system. [15]. The aim of previous research was to analyze the effect of different
turbocharger pressure ratios on diesel engine performance using Diesel-RK software. The
diesel engine studied is the 4D56 2.5L type which uses a single turbocharger with a
maximum engine power of 136 PS at 4000 rpm, and a maximum torque of 324 Nm at 2000
rpm so that it can increase engine performance optimally [16].

The aim of this research is to determine the effect of adding excess air on engine
performance and exhaust emissions in diesel engines fueled by a mixture of dexlite and
biodiesel.
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METHODS AND ANALYSIS

The research method used is experimental research, namely conducting direct
observations to determine the causal relationship with one or more treatment groups.
The air pressure produced by an electric blower is lower than a turbocharger, but with
the addition of an electric blower to a diesel engine, it is hoped that it can solve the
problem of compression failure caused by wear and tear that occurs in engines, with long
operating levels like the MDX type diesel engine. -170 F which is used as a medium for
this research. Test machine specifications can be seen in Table 1.

Table 1. Specifications for the MDX-170F Diesel Engine

Specification Detail
Model Matsumoto MDX 170 F
Machine Type Diesel, 4 Stroke, Direct Injection
Cylinder Capacity 418 cc

Diameter x Step
Maximum Power
Cooling System
System Start
Tank Capacity
Lubrication System
Oil Capacity
Machine Weight
Machine Dimensions
Fuel Consumption
Maximum Torque
Application

85 mm x 66 mm
7 HP / 3600 rpm
Air Conditioning
Manual (Rope Pull)
3,5 Liter
Penangan Pompa Oli
1,65 Liter
45 Kg
490 mm x 425 mm x 510 mm
275 g/kWh
16 Nm / 2500 rpm
Generator, Air Pump, Heavy Equipment

Table 2. Composition of fuel mixtures
No Fuel

1 D60B40

Presentation
Dexlite 60% + Biodiesel 40%

Table 3. Research Variables
Independent Variable
Excess Air: 10 and 20 L/m
Load: 300, 400, 500 Watts

Dependent Variable

Torque, Power, Exhaust Emissions

Table 4. Dexlite Fuel Specifications

Parameter Specification Unit
Cetane Number Min. 51 -

Sulfur Content Max. 1,200 ppm
Density at 15°C 820-860 kg/m?3
Viscosity at 40°C 2.0-4.5 cSt
Flash Point Min. 52 °C
Distillation (T90) Max. 370 °C

Air Content Max. 200 ppm
Ash Content Max. 0.01 % mass
Carbon Residue Max. 0.05 % mass
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Figure 1. Test Equipment Scheme
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Table 5. Electric Blower Specifications

Spesifikasi Detail

Motor Type Electric Motor (AC)
Power 500 Watt - 2000 Watt
Voltage 220-240V / 50-60Hz
Rotation Speed 2000 - 5000 rpm

Air Capacity 1.5 m?/min - 5.0 m*®/min

The fuel used in this research was a mixture of 60% dexlite and 40% biodiesel (B40),
the composition of the fuel mixture can be seen in Table 2. The variables used in this
research are the independent variable and the dependent variable which includes the
excess air system and load, both of which have a role that can be controlled according to
the variations tested, with the variable of added air in L/m units in this study does refer
to the excess air system. Because this study wants to know how variations in the amount
of excess air added can affect performance and exhaust emissions. The variables can be
seen in Table 3.

The test engine specifications can be seen in Figure 1, namely that there is an
additional electric blower before the intake manifold and an electric generator to measure
the engine power torque of the diesel engine.

Torque

Torque is a measure of a machine's ability to produce work. Torque is obtained from
the product of the tangential force and the arm. Engine torque functions to overcome
obstacles while driving. Moment/torque is calculated using the following equation (1):

T=mxgxl (1)

Where T is engine torque (N.m), m is weight (kg), g is earth's gravitational force (m/s?),
and [/ is torque moment arm length (m).

Power
Engine power can be measured using a dynamometer or electric generator and
calculated using the following equation formula (2):

__ 2mNT

Ne p (@)
Where Ne is engine power (W), N is engine speed (rpm), and T is engine torque (Nm).
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Fuel Consumption

When a machine operates, it produces mechanical power. To produce mechanical
power, fuel is needed which can provide engine power in the machine. Fuel consumption
is the fuel requirements used by the engine during the combustion process. To determine
fuel consumption, the following equation (3) is used:

SFc="
ne

mf — vxptfuel (3)

Where SFC is Specific fuel consumption (kg/jam.KW), mfis amount of fuel per unit time
(kg/jam), v is volume of fuel used, p is specific gravity of the fuel used, t is Time required
for fuel consumption, and ne is engine powergenerated (Kw).

Exhaust Gas Emissions

Exhaust gas emissions are dangerous compounds produced when fuel does not burn
completely, therefore it can be said that exhaust gas emissions are exhaust gas from
incomplete combustion in motorized vehicles. For emission testing, use a gas analyzer.

RESULTS AND DISCUSSIONS

The results of this research provide a deeper understanding of the effect of adding
biodiesel to dexlite fuel on engine performance. Variations in the amount of excess air and
engine speed indicate that there is a complex interaction between various variables that
influence engine performance. These findings have important implications in the
development of alternative fuels and optimization of engine performance.

Engine power

Figure 2 shows the relationship between load (watts) and engine power produced
from several excess air systems by using the calculation formula equation 2. The higher
the load, the resulting engine power tends to increase, especially at the load (500 Watts),
this shows an increase in combustion efficiency. The excess air system also has an effect,
where increasing excess air can increase power. Engine power increases as the load
increases, in accordance with the working principle of an internal combustion engine,
where faster piston movement burns more of the fuel mixture. Comparisons between
loads show that B40 blends typically produce higher engine power at a given load,
indicating a benefit from the addition of biodiesel. Variations in excess air in the B40
mixture can increase as the load increases as seen in the figure. The highest engine power
is 4.87 KW at a load of 500 watts and excess air is 20 L/m and the lowest is 2.65 KW at a
load of 300 watts and excess air 0 L/m. In the graph in Figure 2, the addition of biodiesel
is not optimal for engine performance, but proper adjustment of the load and excess air is
very important to achieve optimal performance. The engine power test results in this
research are in accordance with research of Kusuma [17], who reported that a higher load
can increase engine power due to a faster combustion process.

Torque

The results of this research show a torque graph that presents the relationship
between the amount of excess air, the load of the lamp, and the amount of torque
produced by using the calculation formula equation 1. The more air given to the
combustion process, the greater the torque produced. In the graph in Figure 3, a 300 watt
load with excess air of 0 L/m obtains a torque of 1.69 Nm. The more air supply that enters,
the torque value increases. The highest torque value is 3,101 Nm at aload of 500 rpm with
excess air of 20 L/m. Increasing excess air can increase torque at low and high loads with
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the B40 mixture proven to increase engine torque performance. The torque test results in
this study are in accordance with research of Warkhade [18], which states that the
addition of biodiesel increases torque, but there is an optimal point at each rpm and
torque increases with the addition of excess air.
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Figure 2. Effect of Excess Air on Engine power with Biodiesel Fuel (B40)
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Figure 3. Effect of Excess Air on Torque with Biodiesel Fuel (B40)
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Figure 4. Effect of Excess Air on Fuel Consumption with Biodiesel Fuel (B40)
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Fuel Consumption

It can be seen in the graph in Figure 4 that the SFC value increases with increasing
load (W) by using the calculation formula equation 3, this fuel has the highest SFC, namely
at excess air 0 L/m, load of 500 with a value of 0.184 kg/hour.kW, the lowest value is at
excess air 10 L/m load 300 with a value of 0.16 kg/hour.kW. This result is in accordance
with research that fuel with a high calorific value and low viscosity can increase the
oxidation rate in the combustion process. A low BSFC value at full load indicates better
engine performance. The smaller the BSFC value, the more effective the use of fuel energy
to produce better production and engine performance. Apart from that, the excess air
system also has an effect, where increasing excess air generally increases engine powerup
to a certain point, although excess air can reduce efficiency [19].

Emission

The loads used for CO measurements are 300, 400 and 500 Watts by looking at the
results from the gas analyzer. This causes an increase in engine load, so that the fuel
mixture ratio becomes richer, as per the results of research conducted by Gad [20]. The
addition of an electric blower can also reduce CO. The use of electric blowers can also
affect carbon monoxide (CO) and hydrocarbon (HC) emissions in some cases [21]. In the
graph in Figure 5, the fuel with the highest CO contentis 0.06% at a load of 500 watts with
excess air of 0 L/m, the lowest CO value is 0.02% at a load of 300 watts with excess air of
20 L/m. Biodiesel has an oxidation rate. which is better than diesel oil, burning biodiesel
produces a lot of CO compounds because biodiesel contains oxygen and this process can
help minimize CO emissions. then a mixture of B40 fuel and the addition of excess air of
20 L/m will be better for reducing CO.

HC emissions for each fuel show different results, but each change in engine speed
shows the same trend line. This result is the same as Hariyadi & Jelita's research [16]. In
the graph in Figure 6, B40 fuel with excess air of 0 L/m produces the highest HC emissions,
namely 21.5 ppm at a load of 500 watts. The addition of excess air of 20 L/m shows a
reduction in HC emissions. The lowest HC emissions were obtained at excess air of 20 L/m
with a load of 300 watts, namely 18.2 ppm. This is because adding air will increase
compression in the combustion chamber. The addition of biodiesel also changes the
stoichiometry of the fuel mixture so that in this study D60B40 fuel with the addition of
excess air produced lower HC emissions [22].
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CO (%)
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0 10 20
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Figure 5. Effect of Excess Air on CO Emissions with Biodiesel Fuel (B40)
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Figure 6. Effect of Excess Air on HC Emissions with Biodiesel Fuel (B40)
CONCLUSIONS
The results of the research that has been carried out show that the mixture of B40
composition and the excess air system can improve engine performance and exhaust

emissions efficiency, with appropriate settings for the load.

The scope for future research is that the variables include adding a biodiesel

mixture, adding air can also be increased, using other engines instead of engine one
cylinder.

1.

In the torque engine power results, it can be seen that the greater the load and excess
air, the torque engine power increases, because engine power increases along with
the increase in light load, in accordance with the working principle of internal
combustion engines, where faster piston movements burn more fuel mixture. and
adding excess air can help increase combustion compression in the engine.

The results of fuel consumption with the excess air system have the effect of reducing
fuel consumption at 10 L/m and increasing at 20 L/m, because increasing excess air
can reduce consumption to a certain point, excess air can increase fuel consumption
making it less efficient.

In terms of CO, HC emissions, the use of excess air can reduce CO, HC emissions
because excess air increases the fuel-to-air mixture ratio, which can lead to more
complete combustion. More complete combustion can reduce hydrocarbon (HC) and
carbon monoxide (CO) emissions.
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