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In internal combustion engines, the use of gas fuels is becoming widespread due to its
advantages such as low cost and being more environmentally friendly. Acetylene is one of the
gas fuels seen as an alternative to petroleum-based fuels in internal combustion engines. In this
experimental study, the availability of acetylene gas, a gas fuel, at 1600 rpm, 2400 rpm and 3200
rpm engine speeds in a spark plug-fired engine was investigated. Acetylene gas was added to
gasoline by 5% and 10% of the mass and its effect on exhaust emissions was studied. The results
showed that adding acetylene gas to gasoline by mass increased CO, CO2 and NOx emissions
and exhaust gas temperature. HC, oxygen emissions and air supply coefficient decreased.
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1. Introduction

In recent years, increasing environmental problems and
the rapid reduction of energy resources have exposed the
world to an energy crisis. Approximately eighty percent of
the world’s energy need is met by fossil fuels [1, 2].
Considering the ratio of existing reserves to production, it is
said that there is an oil reserve of approximately 40 years
[3]. The fact that the emission values of fossil fuels are not
suitable and such fuels will be exhausted after a while
makes it compulsory to take new measures and look for
new options. According to recent studies, if there is no
change in the use of energy resources, the prices will rise
rapidly and global energy deficit and pollution will increase
up to 50% by 2030 [1]y. This has led to a quest for
alternative energy resources that are renewable and
environmentally safe.

Fossil fuels, which are widely used in industrial
applications, heating buildings, motor vehicles, etc., cause
significant damage to human health and nature with
harmful emissions (hydrocarbon (HC), carbon monoxide
(CO), carbon dioxide (COz2), sulfur dioxides (SOz2), nitrogen
oxides (NOXx), etc.). Particularly in big cities, the share of

* Corresponding author. Tel.: +90 436 49 49; Fax: :+90 436 49 49.

air population caused by motor vehicles in the whole air
pollution is said to be around 50% [4-6]. For this reason,
significant importance has been attached to efforts towards
reducing emissions from internal combustion engines.

Among more than 100 polluting emissions generated
by internal combustion engines, the most important
emissions that negatively affect the environment and
human health are CO, HC, NOXx, sulphur oxides (SOx),
aldehydes (HCHO) and particles [3]. Natural gas,
liquefied petrol gas (LPG), hydrogen, acetylene, alcohols
and vegetable oils can be used as an alternative fuel in
internal combustion engines directly or as additions of
certain ratios to the main fuel [7, 8]. In studies on gas fuel
applications in compression-ignition (Cl) and spark-
ignition (SI) engines, the gas fuel is taken into the
cylinder by adding it to the intake air, and then the
ignition is triggered by either pilot fuel or ignition spark
[7-9].

1.1 Acetylene Gas and Its Properties

Acetylene gas that has a chemical formula of CoH: is a
gas that is colorless, garlic-smelling and highly
flammable [10]. The density of acetylene is around 1.1
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kg/m? and it is approximately 10% lighter than air [8, 9].
It is used in the synthesis process of various organic
compounds as well as in the cutting and welding of
metals. Acetylene gas is formed during the
decomposition of calcium carbide (CaC;) under the
action of water (H,O) according to the exothermal
chemical reaction. The chemical equation is as follows
[11,12].

CaCo+H,0 => Cp Ho+Ca(OH), (1)

The calcium carbide (CaC;) mentioned here is
produced by the burning of calcium carbonate
(limestone-CaCQOs3). The initial temperature of CaC,
formation is between 1700-1800°C. CaCOs is formed by
burning calcium oxide (lime-CaO), then coal (C) is
reacted with CaC, and CO; is obtained. These chemical
equations as follows ; [12, 13]

CaCOs = CaO+ CO2 (2)
CaO+3C = CaC, +CO 3)

Because of acetylene gas has low ignition energy, high
flame velocity, wide flammability limits, and short
quenching distance, these properties lead to engine
knocking, a major problem in engines powered with
acetylene [7]. Although acetylene gas has a potential of
being an alternative fuel in internal combustion engines
in terms of its high combustion temperature and rate,
rapid ignition and being economical, it has not been
widely used so far due to difficulties in its storage and
use.

Gas fuels have importance as an alternative fuel with
their abundant nature and clean combustion. In the
literature, there are many studies on the use of hydrogen
gas, a gas fuel, in internal combustion engines [14-19].
When hydrogen and acetylene are compared, the
acetylene gas have mostly similar combustion properties
in terms of combustion velocity, ignition energy,
adiabatic flame temperature and flammability limit. In
addition, the self-ignition temperature and production and
storage costs in acetylene are lower than in hydrogen
[10]. Due to this and other positive properties, it is of
significance to investigate the use of acetylene gas as an
alternative fuel in internal combustion engines. The
physical and chemical properties of acetylene, hydrogen
and gasoline (iso-octane) are generally presented in Table
1 [8, 20-25].

As can be seen in Table 1 presenting the general
properties of acetylene, hydrogen and gasoline
comparatively, acetylene shows properties similar to
hydrogen with its low density, high self-ignition
temperature and very low ignition energy. Acetylene gas,
which has a faster energy yield as well as a high
combustion velocity, is more suitable for the

thermodynamically ideal engine cycle efficiency in
engines that operate with a stoichiometric mixture. Low
ignition energy, high combustion velocity, wide ignition
ranges and short quenching distance lead to early ignition
and a phenomenon of undesired combustion that is called
knocking. This is one of the major problems encountered
in engines using acetylene gas. One way to prevent the
backfire is the time-adjusted injection of fuel before the
fuel is sent and after the intake time when the intake air is
taken in. This makes a pre-cooling effect, thus
neutralizing the early ignition source [26].

The use of acetylene as an alternative fuel in internal
combustion engines is said to compete with hydrogen in
the future [8]. When recent studies on gas fuels are
examined, it is possible to find many studies on the use of
acetylene gas as fuel in internal combustion engines.
Some of the related studies are as follows;

Ilhak et al., [27], investigated the effects of the use of
gasoline and acetylene gas mixtures on the engine
performance and emissions of a Sl engine. In
experiments, acetylene flow rates were fixed at 500 g/h
and 1000 g/h. Thermal efficiency decreased with the use
of acetylene at almost all loads. Hydrocarbon emissions
decreased in all engine loads while NO emissions
increased in low loads compared to gasoline.

Lakshmanan and Nagarajan [8], examined the effect of
the addition of different rates of acetylene gas on engine
performance and exhaust emissions in a single cylinder
four-stroke direct injection diesel engine. Diesel fuel was
injected as the primary fuel and various proportions of
acetylene was sent to the cylinder as secondary fuel.
Thermal efficiency decreased with the use of acetylene.
Compared to the use of pure diesel fuel, the addition of
acetylene led to a reduction in HC and CO emissions.
There was a significant increase in NOx emissions due to
the high combustion rate with the use of acetylene.

Lakshmanan and Nagarajan [20], investigated the
effect of the addition of acetylene gas to diesel fuel as a
secondary fuel in a single-cylinder diesel engine on
engine performance and exhaust emissions. The brake
thermal efficiency was found to be lower with dual fuel
application than with diesel fuel when the engine was in
full load condition. With the dual fuel application of
acetylene, the exhaust gas temperature was observed to
decrease when compared to diesel fuel, and the CO, CO2
and HC emissions were reduced in certain amounts.
However, NOx showed a significant increase.

Lakshmanan and Nagarajan [21], examined the effects
of the addition of 110 g/h, 180 g/h and 240 g/h of
acetylene gas to diesel fuel and the different ratios of
EGR application on exhaust emissions and engine
performance. Acetylene gas added to diesel fuel led to a
decrease in NOx, CO and HC emissions and a
considerable increase in smoke emissions.
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Table 1. Physical and chemical properties of acetylene,
hydrogen and gasoline.

Properties Acetylene  Hydrogen Gasoline
Chemical Formula C2H2 H2 CsHuis
Density, (1 atm,

20°C) kg/m? 1.092 0.08 730
Molecular Weight

(kg/kmol) 24.06 2.02 114.18
Stoichiometric air

fuel ratio (kg/kg) 132 343 147
Flammability Limits 2581 4745 1376
(volume %)

Adiabatic flame 2500 2400 2996
temperature (K)

Lower Calorific

Value (ki/kg) 48225 120000 43400
Lower Calorific

Value (KI/m?) 50636 9600 -
Auto Ignition

Temperature (K) 578 845 530
Ignition energy (Mj) 0.019 0.02 0.24
Flame Speed (m/s) 6.097 2.37 0.415

Nathan et al., [22], conducted a study with different
pressure rates of acetylene gas in a homogeneous charge
compression ignition (HCCI) engine. In the study, they
stated that acetylene could be used in an HCCI engine
individually without any fuel additives. Optimum exhaust
gas recirculation (EGR) and brake thermal efficiency was
found to increase slightly compared to diesel fuel
application. Hot EGR at the high brake mean effective
pressure (BMEP) caused the engine to knock. While
nitrogen oxide and smoke levels went down, HC
emissions went up.

In a study by Laksmanan et al., [28], investigated the
effect of water injection on acetylene and diesel dual fuel
diesel engine performance and exhaust emissions.
Acetylene gas was delivered to the intake manifold of a
single cylinder diesel engine with a flow rate of 390 g/h.
The thermal efficiency and exhaust gas temperature
decreased according to the diesel fuel and dual injection
of diesel-acetylene by water injection. Water injection to
the inlet port caused a significant decrease in NOXx levels.
Compared to the acetylene diesel dual fuel operation,
there has been an increase in HC and smoke emissions.

Lakshmanan and Nagarajan [26], used a timed
manifold injection (TMI) technique to deliver acetylene
gas to a direct injection diesel engine. In the study, a
four-stroke diesel engine with 4.4 kW power was used. A
small modification was made in the intake manifold to
mount the gas injector controlled by an electronic control
unit (ECU). The study was carried out at gas flow rates of
110 g/h, 180 g/h and 240 g/h. The engine performance
achieved by the addition of acetylene gas at full load was
reported to be very close to the performance with pure
diesel fuel. NOx, CO, CO2 and HC emissions decreased
although there was a slight increase in smoke emissions.

Choudhary et al., [29], added acetylene to diesel fuel at

constant flow rate in a compression engine, and examined
the results. They replicated the experiment by setting the
diesel engine at the values of 18:1, 18,5:1, 19:1 and
19,5:1. As a result of the experiment, they examined
combustion and motor performance parameters. They
stated that the temperature of the exhaust gas increased as
the in-cylinder pressure values and brake thermal
efficiency increased. They also reported that the highest
increase in efficiency was 21.18% maximum in the
combustion rate of 19.5:1.

In the literature, there have been very few studies on
the effects of acetylene gas on performance and
emissions in Sl engines [27], but the applications in
diesel engines were widely studied [26,28]. Therefore, in
the present study, it was preferred to test the acetylene
gas in a gasoline engine. Additionally, in this study, the
effects of acetylene gas added to the gasoline by mass are
investigated in fixed engine speed and fixed throttle
opening in terms of emission.

Ilhak et al., [30] they studied the effects of the addition
of acetylene using ethanol and gasoline as Pilot fuel. For
this purpose, they operated a gasoline engine at 1500
RPM under 25% and 50% load. They found that ethanol
lowers emissions.

Raman and Kumar [31] they studied the effects of the
addition of acetylene gas in a compressed engine. For this
purpose, they added 5% and 10% butanol to the fuel used
as pilot fuel. They then examined the internal combustion
and performance data of the acetylene gas, which they
added at different rates by mass. their results showed that
they reported that acetylene gas burned more efficiently
with pilot fuel use.

ilhak et. al., [32] They studied the effects of the
addition of acetylene in a gasoline engine at different
air/fuel ratios. They repeated their experiments at 25%
and 50% engine loads at 1500 rpm. They showed that the
air/fuel ratio is effective in engine parameters.

The aim of this study was to improve exhaust
emissions by adding acetylene gas to gasoline by mass. In
the study, it was preferred to add 5-10% of acetylene gas
into gasoline by mass, at ratios where smooth operation
can be ensured without any changes on the engine. The
effect of acetylene gas addition into gasoline on exhaust
emissions was thus investigated. In the study,
experiments were carried out at different engine speeds
(1600 rpm, 2400rpm and 3200 rpm) and at different
engine loads (20%, 40%, 60%, 80% and 100% (full
load)).

2. Material and Method

Engine experiments were conducted at low (1600
rpm), medium (2400 rpm) and high engine (3200 rpm)
engine speeds. For this purpose, the engine was primarily
operated with 100% gasoline. For engine experiments,
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fuel consumption and exhaust emission values were
recorded by loading at 20%, 60%, 80% and 100% engine
loads at the full throttle position of the engine operated
with 100% gasoline at each engine speed. After these
preliminary studies, hourly fuel consumption values of
the engine were calculated. Based on these calculated
values, 5% (5% acetylene+95% gasoline) and 10% (10%
acetylene+90% gasoline) were added to the intake
manifold by mass. The mixtures used in the experiments
are expressed as 5% Act and 10% Act in the graphs. In
all these stages, the engine was expected to become stable
and the emission values of the pilot fuel-powered engine
and fuel consumption values were measured again and
the values were recorded. With the addition of acetylene
gas, the rising engine speed has been reduced to the
desired state with the reduction of gasoline fuel.
Acetylene gas was added with kg/h value over flow
meter. The hourly rate of the gas, which will be added
over the amount of liquid fuel flow calculated at this
stage, is adjusted via a sensitive flow sensor and given to
the intake manifold. All experiments were repeated three
times and the averages of the data were taken.

In the experiment, an electric dynamo-meter that was
capable of measuring up to 5000 rpm and absorbing 80
kW of power was used. During the engine experiments,
acetylene gas was provided from a RAL 1018-type tube
that was compatible with TSE 11169 standards.
Acetylene gas initially got out of the manometer on the
tube and then passed through a wet type Flash back
arrestor. The acetylene gas that passed through a
spherical precision valve and then through a safety valve
was finally sent to the intake manifold from a hole
opening into the intake passage of the carburetor by
passing through the check valve. As in other studies on
this issue [22-24, 33] the gas was mixed with the intake
air of the fuel to be taken into the cylinder.

The MRU Delta 1600L exhaust gas analyzer was used
to measure exhaust gas components (CO, CO,, HC, NOx
and Oy). A schematic view of the experimental setup is
given in Figure 1. The sensitivity and properties of the
tools used in the experiment are given in Table 2.
Properties of the test engine are shown in Table 3.

In the graphs, 5% Act refers to the gas addition of 5%
(i.e. 95% gasoline + 5% acetylene gas) and 10% Act
refers to the gas addition of 10% (i.e. 90% gasoline +
10% acetylene gas).

3. Results and Discussion

The data yielded by means of the engine experiments are
presented in graphs and the results are discussed in this
section. Here, the emission values obtained in tests at (a)
low, (b) medium and (c) high engine speeds are shown.

Table 2. Measurement sensitivity of the tools used in the
experimental setup.

Measurement Accuracy
Load (N) +%0.6
Load arm (m) +%0.1
Velocity (rpm) +1
Time (s) +%1
Temperature (°C) +1

CO (%vol) +0.01
CO2 (%vol) +0.01
02 (%vol) +0.1
NOx (ppm) +1

HC (ppm) +1

Table 3. Properties of the test engine

Engine Honda

Number of cylinders Type 1 4 stroke, air cooled,
Bore x Stroke 70 x 55

Fuel system Carburetor

Compression ratio 8:1

Maximum Force 1.937 kW (2600 rpm)

Figure 1. Schematic view of the experimental setup
1. Acetylene gas tube, 2. Acetylene gas valve, 3. Flame trap, 4. Flow meter, 5. Gasoline fuel valve, 6. Fuel measurement apparatus,
7. Gasoline tank, 8. Exhaust gas analyzer, 9. Dynamometer control panel, 10. Force displayer, 11. Gasoline engine, 12. Carburetor,
13. Exhaust pipe, 14. Dynamometer, 15. Load-Cell Sensor, 16. Dynamometer cooler, 17. Encoder
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Figure 2 presents the effect of the addition of acetylene
gas to gasoline by mass on exhaust gas temperature.
Exhaust gas temperature is a function of the combustion
inside the cylinder. As the exhaust temperature is an
indicator of combustion inside the cylinder, it is also
described as an important parameter that indicate
combustion in internal combustion engines [29]. In general,
the increase in the amount of fuel inside the cylinder would
increase the temperature of the exhaust gas, which is
reported in many studies [34]. By boosting the throttle
opening in gasoline engines, the vacuum inside the cylinder
increases and more air/fuel mixture (A/F) is taken into the
cylinder. This also varies based on the engine load and
revolutions, and the increase of the load and revolutions
varies depending on the position of the throttle.

As is seen in Figure 2, the exhaust gas temperature went
up with the engine speed and load. Furthermore, the
exhaust gas temperature increased depending on the
increasing acetylene addition rate to the gasoline. The
exhaust gas temperature has reached its maximum value at
full engine load for each fuel. Gasoline exhaust gas
temperature for different engine speeds of 1600 rpm, 2400
rpm and 3200 rpm it is 287°C, 298°C and 330°C,
respectively at full engine load. For 5% acetylene addition
290°C, 310°C and 333°C, for 10% acetylene addition
297°C, 324°C and 337°C, respectively at full engine load.
When compared to baseline gasoline operation, the
maximum increase in exhaust gas temperature was obtained
as 8.7% with 10% acetylene additive at 2400 rpm engine
speed and full engine load. This seems to be due to the
higher flame temperature of acetylene gas compared to that
of gasoline. As is shown in Table 2, the flame temperature
of acetylene gas is higher than that of gasoline. The flame
temperature can be seen as a value that can partly increase
the exhaust gas temperature by changing the combustion
temperature. However, there are also studies made with gas
fuels that indicate that there is not enough time for the gases
to burn after taking them into the cylinder and that some of
the combustion continues in the exhaust. Therefore, it is
thought that the increase in exhaust gas temperatures may
be due to this situation. In accordance with the referee's
recommendation, a text such as the following is added to
the appropriate place in the article [31]. Similar results have
been obtained in previous studies [35].

In internal combustion engines, nitrogen in the air form
nitrogen oxides at high temperatures. Nitrogen oxides (NOx)
are particularly unwanted groups of gas in internal
combustion engines.

Formation of NOx emissions depends on three main
factors; combustion temperature, oxygen concentration and
high temperature exposure time of nitrogen [36-39].
Maximum NOx emission occurs at 1600-1800°C, but starts
to decrease at higher temperatures. In general, the
maximum NOx concentration occurs in slightly poorer

mixtures (A=1.05-1.1) in terms of stoichiometric conditions
[2018, 2020]. The effect of acetylene gas addition to
gasoline on NOx emissions is shown in Figure 3.

As seen in Figure 3 the NOx emissions went up with the
engine speed and load similar to exhaust gas temperature.
Besides, NOx emissions increased with addition of
acetylene gas for all engine speeds and loads. NOx
emission has reached its maximum value at full engine load
for each fuel. NOx emission, at full engine load and engine
speeds of 1600 rpm, 2400 rpm and 3200 rpm is 112.2 ppm,
278.7 ppm and 369.5 ppm for gasoline, 131.9 ppm, 298,5
ppm and 379,1 ppm for 5% acetylene addition, 151.1 ppm,
319.6 ppm and 401.5 ppm for 10% acetylene addition,
respectively.
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Figure 2. The effect of the mixture of gasoline-acetylene gas on
exhaust gas temperature
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Figure 3. The effect of gasoline-acetylene gas fuel mixture on
nitrogen oxide emissions

When compared to baseline gasoline operation, the
maximum increase in NOx emission was obtained as 34.6%
with 10% acetylene addition at 1600 rpm engine speed and
full load. Considering exhaust gas temperature in the
interpretation of NOx emissions would make the
interpretation easier. The increase in exhaust gas
temperature indirectly leads to an increase in NOx
emissions. Another factor in the increase of NOx emissions
is that acetylene gas, which is delivered to the intake air,
creates a partially poor fuel mixture in the cylinder.
Acetylene gas sent into the air creates a poor mixture in the
cylinder and may lead to an increase in NOX emissions.
When the exhaust gas temperature is examined, it is
observed that it increases with acetylene gas. NOx
emissions increase the upward trend with increased in-
cylinder temperature. Therefore, NOx emissions are
thought to be increasing. Furthermore, the high flame
temperature of acetylene gas is also considered to be an

important parameter in the increase of NOx emissions. The
increase in NOx emissions by acetylene addition is similar
to the studies in the literature [35].

The ratio of the actual amount of air involved in the
combustion to the amount of air theoretically required to
combust that fuel is called the air supply coefficient. If the
actual amount of air involved in the combustion is
equivalent to the amount of air theoretically required, this is
called a stoichiometric mixture [40]. Table 2 shows that
acetylene gas forms a richer mixture than gasoline. The
effect of the addition of acetylene gas to gasoline on air
supply coefficient is presented in Figure 4.

As seen in Figure 4, in general, a reduction in the air
surplus coefficient with increasing engine speed and load
has occurred. The reduction in the air surplus coefficient is
due to an increase in the amount of fuel delivered to the
cylinder parallel to the increased engine load [41, 42]. In
addition to, as the ratio of acetylene gas added to gasoline
increased, air supply coefficient decreased for each engine
speed and load. Air supply coefficient has reached its
minimum value at full engine load for each fuel. When
compared to baseline gasoline operation, the maximum
reduction in air supply coefficient was obtained as 15.7%
with 10% acetylene addition at engine speed of 1600 rpm
and full engine load. The stoichiometric ratio of acetylene
gas can be regarded as one of the main reasons for this
finding. Acetylene gas burns with less air compared to
gasoline. Therefore, the mixture is enriched with the
addition of acetylene gas in all fuel mixture ratios.

Figure 5 shows the effect of adding acetylene gas to
gasoline on oxygen (O2) emissions. O, emissions decreased
with increasing engine speed and then showed a tendency
to increase again, for each fuel. Besides, a decrease in O
emissions was observed with the addition of acetylene gas
to gasoline. This decrease was in parallel to the ratio of
acetylene gas. As is shown in Table 2, the amount of air
required for the combustion of acetylene gas is less than the
case for gasoline. Thus, the F/A mixture is enriched by
adding acetylene gas to gasoline. In the enriched F/A
mixture, Oz emissions are reduced. As is seen in Figure 4,
as the engine load increased, the air supply coefficient value
decreased and thus, as is shown in Figure 5, O, emissions
also decreased. As seen in Figure 5, when compared to
baseline gasoline operation, the lowest O, emission value
was obtained at an engine speed of 2400 rpm with 5%
acetylene addition and 60% engine load. Except for 40%
and 60% engine loads in engine speed of 2400 rpm,
generally, the maximum reduction in O, emissions was
obtained with 10% acetylene addition for all engine speeds
and loads.

Hydrocarbon (HC) emissions in the exhaust gases
indicate that some part of the fuel is expelled out without
burning. HCs are generally stinky and have an irritating and
narcotic effect on the inner skin of the respiratory tract [40].
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Two factors come to the forefront, considering the ways in
which HC emissions in the engine occur. These are the
insufficiency of O, atoms present in the cylinder and the
inability to provide the sufficient heat to combust the whole
fuel [43-45]. The effect of adding acetylene gas to gasoline
on HC emissions is shown in Figure 6.

m 10% Act

m 100% Gasoline m 5% Act

1600 rpm

Air Supply Coefficient

20 40 60 80 100
Load (%)

(@)
2400 rpm

12

Air Supply Coefficient

60
Load (%)

(b)
3200 rpm

12

Air Supply Coefficient

40 60

Load (%)
(c)
Figure 4. The effect of gasoline-acetylene gas fuel mixture on
air supply coefficient

As seen in Figure 6, the HC emission values with the
acetylene additive were generally lower than the gasoline at
all engine speed and loads. According to working with
gasoline, with the addition of acetylene gas, the maximum
reduction in HC emissions generally was obtained with a
10% acetylene addition for each engine speed. When
compared to baseline gasoline operation, the maximum

reduction in HC emissions, for an engine speed of 1600
rpm was obtained as 15.7% at full engine load. For 2400
rpm and 3200 rpm engine speeds at 80% engine load were
obtained as 18.9% and 32.6% respectively. The reason for
the decrease in HC emissions by adding acetylene gas to
gasoline can be shown as more homogeneous mixture and
high burning speed of acetylene [32, 33]. Similar results
have been obtained in previous studies [46].

The effect of adding acetylene gas to gasoline on carbon
monoxide (CO) emissions is given in Figure 7. CO
emissions are due to incomplete combustion of fuel and this
is largely due to air fuel ratio [27].
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Figure 5. The effect of gasoline-acetylene gas fuel mixture on
oxygen emission
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Figure 6. The effect of gasoline-acetylene gas fuel mixture on
hydrocarbon emission.

The CO emission is formed by the expulsion of carbon
(C) atoms as partially burned by not being able to react
fully with O, due to O deficiency in the environment [40].
A rich mixture is created with the addition of acetylene gas
to the gasoline, which leads to the presence of more fuel
than the air in the cylinder can combust, and thus the
formation of a non-combusted fuel front. In this way, CO
emissions increase in parallel with the increase in the rate of
acetylene gas at different engine speeds and engine loads.
As see in Figure 7, the highest increase in CO emissions for

each engine speed and load was obtained with 10%
acetylene addition. When compared to baseline gasoline
operation, the maximum increase in CO for an engine speed
of 1600 rpm was obtained as 16.8% at 20% engine load, for
2400 rpm and 3200 rpm engine speeds were obtained as 9.9%
and 14.5% respectively at 40% engine load. The reduction
in O, by the addition of acetylene gas can be clearly seen in
Figure 5. Furthermore, the high combustion rate of the
acetylene gas is thought to cause the A/F mixture to burn
rapidly without forming a complete mixture, which
increases CO emissions.
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Figure 7. The effect of gasoline-acetylene gas fuel mixture on
carbon monoxide emission
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Figure 8 shows the effect of the addition of acetylene gas
on carbon dioxide (CO2) emissions. CO, emissions are a
product of complete combustion. They are formed by the
oxidation of C atoms in gasoline and acetylene gas by
combining with sufficient O, [47]. In addition, the amount
of CO, emissions in hydrocarbon fuels varies depending on
the C/H ratio. As the C/H ratio of acetylene gas is higher
than that of gasoline, the CO, emission amount is higher
than that of gasoline [32]. As is shown in Figure 8, CO;
emissions increased with the addition of acetylene gas to
gasoline and the maximum increase was obtained with a
10% acetylene addition for each engine speed and load.
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Figure 8. The effect of gasoline-acetylene gas fuel mixture on
carbon dioxide emission.

Especially at low engine speeds, there was better
combustion compared to high speeds, and accordingly CO,
emissions were high. When compared to baseline gasoline
operation, the maximum increase in CO, emissions for an
engine speed of 1600 rpm was obtained as 17% at 40%
engine load. For an engine speed of 2400 rpm was obtained
as 10.8% at 80% engine load and for 3200 rpm engine
speed was obtained as 21.3% at 40% engine load. Similar
results have been obtained by literature [32].

4, Conclusions

Acetylene gas is an energy resource that can be used as
an alternative fuel with its low cost, high thermal value and
availability. In present conditions, it cannot be used as fuel
in internal combustion engines due to safety problems
arising from the storage and transport of acetylene gas. It
can be used in welding and cutting processes in heavy
industry with its high thermal value. In this study, the effect
of the addition of acetylene gas to gasoline in different mass
ratios on exhaust emissions was investigated in a single-
cylinder gasoline engine. The results can be summarized as
in the following;

 Exhaust gas temperature increased with the addition of
acetylene gas to gasoline by mass. The maximum increase
in exhaust gas temperature was obtained in the addition of
10% acetylene gas at an engine speed of 2400 rpm and full
load, compared to the use of baseline gasoline.

* NOx emissions increased with increasing engine speed
and load. Compared to baseline gasoline, the maximum
increase in NOX emissions was achieved as 34.6% at an
engine speed of 1600 rpm and at full engine load with the
addition of 10% acetylene gas.

* HC emissions decrease with the addition of acetylene
gas. The maximum decrease in HC emissions was obtained
at an engine speed of 3200 rpm and with 10% acetylene,
compared to baseline gasoline fuel operation.

+ CO and CO; emissions also increased with the addition
of acetylene gas. The maximum increase in CO emissions
was obtained by adding 10% acetylene at each engine speed
(1600, 2400 and 3200 rpm). Compared to baseline gasoline
use, the maximum increase in CO emissions was obtained
as 16.8% at an engine speed of 1600 rpm and at 20%
engine load with the use of 10% acetylene. The maximum
increase in CO, emissions was obtained by adding 10%
acetylene at each engine speed (1600, 2400 and 3200 rpm).
Compared to baseline gasoline use, the maximum increase
in CO; emissions was achieved as 21.33% at an engine
speed of 3200 rpm and at 40% engine load with the use of
10% acetylene.

« The addition of acetylene gas to gasoline by mass was
found to reduce air supply coefficient. The maximum
reduction in air supply coefficient was achieved as 11.6%
with 10% acetylene usage at 3200 rpm engine speed and
20% engine load.



085 Ozer et al., International Advanced Researches and Engineering Journal 04(02): 076-086, 2020

« Similarly, O, emissions are among those that were
reduced by the addition of acetylene gas. The maximum
reduction in O, emissions, except for 40% and 60% engine
loads in engine speed of 2400 rpm, was obtained with 10%
acetylene addition for all engine speeds and loads in
generally.

According to the results of this study, acetylene gas can
be used by mixing in certain proportions to the gasoline
without major structural changes in the gasoline engine. It
has been observed that acetylene gas can be considered as
an alternative fuel that reduces the harm to human and
environment health of fossil fuels.
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