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Abstract

Bioethanol is a promising alternative to gasoline. It has a high Octane number and its
combustion in spark ignition engines gives lower pollutants compared to gasoline. In this
study, bioethanol was added to gasoline at 10% and 20% volume fractions to assess the
effect of this addition on the performance and contaminants of the single cylinder drive.
The experiments were carried out using conventional Iragi gasoline (has an octane
number= 82). The results showed that the addition of 10% ethanol to gasoline increases the
useful compression ratio from 8: 1 in the case of gasoline separately, to 9.5: 1 with this
addition, leading to better performance of the engine, Adding 10% bioethanol led to
decrement in CO and CO2 concentrations significantly.
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1. Introduction

The phenomenon of air pollution is harmful to human health, and this problem has increased
with the increase of factories and different modes of transport [, Studies have shown that the
greatest part of this phenomenon is the result of human activities, which are burning fossil
fuels (coal, oil and natural gas) to produce energy 2 3. Providing the required amount of
energy has become a vital necessity that cannot be waived in any society around the world [,
Electric power illuminates and provides comfort conditions for cities, villages and even
remote areas [°l. The use of oil in the movement of vehicles is inevitable despite its hazards
on the economic safety of the communities due to its prices fluctuations in the last decade (€.
So far, the movement of vehicles consumes about 40% of the oil produced around the world
1 1f we add to all this, some countries such as Iraq where the citizens there cannot live
without the operation of small personal or medium capacity generators to compensate the
lack of government processing [l Pollution is rising, causing insurmountable environmental
problems such as global warming and climate change [ 19,

Switching to environmentally friendly alternative fuels is a goal of all researchers since the
1970s 4, Fuel that gives equal performance to diesel or gasoline with less exhaust pollutants
is a promising alternative 4. So, the researchers tried to use natural gas to run the petrol
engines and found that this gas could be a substitute for gasoline * 4. But, this fuel has a
low flame speed and low heating value, which requires changes in the design of the engine
such as increasing the compression ratio to take advantage of the higher octane number of
the gas [*> 181, Some researchers have also tried to use liquefied petroleum gas (LPG) as this
gas has a slightly higher flame velocity than gasoline and has a good thermal value and can
be used without major engine modifications, and its octane number is high [17, 18]. Both
gases emit fewer exhaust pollutants than gasoline, but liquefied petroleum gas emits a
slightly higher NOx than gasoline 11 2],

Many researchers have found hydrogen, which is considered the cleanest fuel ever, as if its
combustion emits only water vapor and a small fraction of NOx [P However, the
specifications for burning this fuel differ somewhat from the hydrocarbon gases above [?2,
The burning velocity of this gas is at higher than any other fuel known ever 2324, Also, the
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energy needed to ignite it is very low, which makes dealing
with this fuel must be carefully %1, Studies have shown that
hydrogen works at very low equivalence rates (J= 0.2) and
gives high thermal efficiency at lean equivalent ratios 2°1.
The addition of hydrogen by volume fractions to natural
gas and liquefied petroleum gas as well as gasoline
improves the quality of combustion and increases the
efficiency of the thermal engine but reduces its volumetric
efficiency [27.28.29],

Alcohols are an acceptable alternative fuel, especially if it
is from bio sources . Alcohols have a high octane
number and are characterized by the presence of oxygen
and hydrogen in their chemical composition at a high rate,
which improves combustion and reduces pollutants 3% 32,
However, the availability of oxygen with the good
combustion quality makes the emission of NOx at high
rates possible 3, Ethanol and bioethanol have been widely
used in Brazil, Sweden, and other parts of the world and are
produced from corn, sugarcane, or dates as in lIraq B4,
Methanol is produced from the interaction of natural gas,
particularly methane, with the water steam to produce this
high-octane alcohol B, These two types of alcohol are the
most important types of alcohols currently used around the
world 1. These alcohols have been added to diesel engines
as well as to gasoline engines 3 38 31 |n all cases, the
maximum benefit was to provide additional oxygen for the
combustion, while the biggest negative is to reduce the
heating value of the resulting mixture . Ethanol and
methanol are best used in spark ignition engines because of
their high octane numbers [“4, It is not recommended to use
them in diesel engines due to their low cetane number
compared to biodiesel fuels [42 43 and 44]

Ref. 41 experimented the performance of an engine run at a
compression ratio of CR = 9: 1 and a constant motor speed
(1800 rpm) using ethanol as fuel. The engine output was
6% greater than that of isooctane. When methanol was used
the increase was about 12%. Ethanol (C2H50H) is a pure
substance, while gasoline is a hydrocarbon compound in
which the number of carbon atoms in it is C4-C12 and has
wider transition properties. Ethanol contains an oxygen
atom in its chemical structure so hydrocarbon can be
considered partially oxidized and is fully mixed with water
and all ratios. The combustion temperature is higher than
that of gasoline, making it safer for transport and storage,
and the evaporative heat of ethanol is three to five times
higher than that of gasoline 8. This causes low input
manifold and increases volumetric efficiency. The thermal
value of ethanol is less than that of gasoline, so we need 1.6
kilos of alcohol to maintain the same capacity, and the
correct chemical air to fuel ratio is about two-thirds the
right amount of gasoline, so the amount of air required to
complete combustion when ethanol is used is less than that
required in the case of gasoline 471,

Ref. 81 tested ethanol mixing ratios of 10%, 20%, 30% and
40% in a variable compression engine, and found that the
ethanol content increased by octane, but reduced the
heating value of the mixture. The addition of 10% ethanol
has the greatest effect observed in the increase in the octane
number, and when the engine worked variable compression
ratios, the researchers found that the best mixing rate was
10% ethanol and 90% gasoline.

Ref. 191 studied different mixing rates for ethanol-gasoline
blends in the engine and found that the use of ethanol could
reduce CO and unburnt hydrocarbons to a certain degree.
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The reduction of CO pollutants is clearly caused by ethanol
specifications in terms of broader and oxidative exposure
limits. In his study, Ref. 1 added 10% ethanol to gasoline
and found that this addition can reduce CO concentrations
up to 30%.

Ref. B9 experimented three engine operation cases: the
engine operates with gasoline only, the second case the
engine operated by gasoline -ethanol-water. The last case
was the use of gasoline-ethanol in variable mixing
methods. The engine performance at constant speed and
optimum spark timing was studied. The author found that
thermal efficiency (nm) was improved by increasing the
proportion of water in the mixture of (gasoline-ethanol-
water) from the engine operation with gasoline. NOx was
increased by increasing the volumetric ratio of water, due
to low combustion temperature.

Ref. 51 found that adding 10% water to methanol reduces
thermal efficiency by 1%, abrasion by 2-3% and reduces
NOXx concentrations. Ref. 52 experimented with the single-
cylinder TD-110 different temperatures of the incoming
charge (10, 20, 30, 40, 50, 60 & 70°C). The article found
that increasing the charge temperature leads to an increase
in the low limit A/F= 20 at (50 °C). The qualitative
consumption and the thermal efficiency improved by 14 to
16%. Also, the authors found that increasing the octane
number more than required does not give an improvement
in the performance coefficients equal to the cost.

Ref. [5% studied the effect of design and operational factors
theoretically and practically on the performance and
contaminants of the spark ignition engine. By increasing
the compression ratio, the bending power increases from
16.92 to 26.57 kW theoretically and from 6.5 to 10.5 kW in
practice. The increase in the octane of fuel from 75 to 95
increases the capacity of the piston engine by 13.22 to
38.78%. This increase also resulted in a reduction of HC &
CO of 51.12%. In addition to 10% methanol and ethanol,
the capacity increases by (21.62 - 27.32), respectively, and
low concentrations of CO and HC were achieved.

The aim of this study is to study the possibility of
improving lIragi gasoline by adding a small percentage of
locally produced bioethanol, and the effects of this addition
on the performance and emitted pollutants of the engine.
Iragi gasoline is characterized by a low octane number and
high sulfur content. By adding ethanol, the sulfur
proportion in resulting blend will reduce and the octane
number will increase, which is expected to improve the
combustion and gives a promising alternative.

2. Materials and methods

Experiments were carried out using an internal combustion
engine with a single cylinder, four strokes with variable
compression ratio type (GR0306 / 000 / 037A, Prodit
company, Italy). The air supplied to the engine is measured
by a nozzle scale. The air processing system is composed
of: air intake pipe, damping chamber, and differential
power switch. A hydraulic dynamometer is used to
measure the torque of the engine. The exhaust gas
temperatures were measured using thermocouples type B
installed at the beginning of the exhaust pipe.

The exhaust gases emissions especially CO and CO2 were
measured using infrared gas exhaust analyzer type Flux
2000. This device is an infrared microprocessor designed to
measure carbon monoxide CO, unburned HC and O2
emitted from the engine. Fig. 1 shows the device used in
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experiments with all its accessories.

The following equations were used to calculate important
engine variables as follows:

1. Brake power

bp = Wb * N/ 348.067

Where: Wh-load Newton

N-speed motor cycle / sec

2. Equivalent ratio

@ = (A / F) stoichiometric / (A / F) actual

3. Specific consumption of fuel

bsfc = m% * 3600 / bp

Where: m° - fuel consumption rate (ethanol + gasoline)

4. Volumetric efficiency

MNvol = (ma)act/(ma)theo. *100

Where: (mMa)at. - Air mass flowing inside the engine
practically.

(ma)Theo. - The air mass flowing in the engine theoretically.

6 5 4 3 2 1
|

1. Electronic computer and its connectors 2. Control panel 3.
Engine 4. Engine cooling unit 5. Fuel engine unit 6. Air
processing system.

Fig. 1: lllustration of the system used in the research

Tests Procedure

The first set of tests was conducted to determine the higher
useful compression ratio for a range of air/fuel ratios (from
A/f = 14.7 to A/If = 15.9), which represented the leaner
mixture after that the extinguishing of the flame due to the
fuel shortage happens, to the richest mixture after it the
combustion will be failed due to insufficient oxygen for
combustion. The variation of air/fuel ratio and velocity
impact on the resulting pollutants was studied. The tests
were conducted in the beginning on gasoline alone and then
by using 10% ethanol-90% gasoline blend. At last the blend
of 20% ethanol and 80% gasoline was tested at the same
conditions. Table 1 lists some of the fuels used in the recent
study specifications.

Table 1: some properties of fuel used in research

Properties Ethanol | Gasoline | E10
Density (kg/m?® at 20°C) 789 790 790
RON 110 80 89.9
Heating value (MJ/kg) 27.0 44.0 35.0
Carbon (wt %) 52.2 86.6 79.8
Hydrogen (wt %) 13.1 13.3 13.28
Oxygen (wt %) 34.7 0,03 3.5
Evaporation heating value (kJ/kg) 840 305 350
AJF stoichiometric 8.94 14.42 9.33
Vapor pressure (kPa) 17 58.8 35

~g7~

3. Results & Discussion

Fig. 2 shows the effect of the addition of ethanol by volume
to gasoline on the resulted brake power of a number of
velocities. It appears from the figure that the brake power
increased with the speed as a typical shape of the
relationship between the brake power and engine speed.
Also, bp increased with 10% ethanol compared to its value
when gasoline was used. Engine performance was
improved by increasing speed due to improvements in the
volumetric efficiency. As the turbulence increased in the
combustion chamber, the combustion chamber temperature
increased that improved the spread of the mixture and its
preparation for igniting, resulting in higher output bp.

The addition of ethanol (which has octane number=110)
improved the fuel resistance of knock and increased the
octane number of the mixture and improved its volumetric
efficiency because of the presence of an OH molecule in its
structure. In addition, ethanol has drawn heat from the
mixture during combustion (840 kJ / kg). Compared with
the heat of evaporation of gasoline (305 kJ / Kkg), thus
cooling the mixture and giving it an opportunity to
withdraw more air, which increased its bp. All these
reasons increased when 10% ethanol was added. However
these parameters were reduced when 20% ethanol was
added due to the large amount of ethanol. Ethanol has
lower heating value than gasoline (the heating value of
ethanol is 21.3 MJ/1). The reduction of brake power at this
mixing ratio is obvious in the figure. Table 1 gives some of
the fuel properties used in this work.
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Fig.2: The impact of ethanol addition to gasoline on resulted

engine brake power
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Fig.3: The impact of ethanol addition to gasoline on resulted
engine bsfc

Fig. 3 shows the effect of changing the speed on the
specific fuel consumption. It shows that adding 20%
ethanol gives higher fuel consumption (64% higher value
than gasoline). In the same time, the increase in the fuel
consumption when ethanol was added by 10% volume fraction
was relatively low (8.8% for measured speed compared to
gasoline).
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Fig. 4 shows the increase in the exhaust gas temperatures as
the speed of each fuel was increased. The exhaust
temperature decreased with the addition of 10% ethanol
clearly, and the temperature degrees of exhaust gas were
reduced by adding 20% ethanol more. The decrease in the
exhaust gas temperature when adding alcohol is caused by
the lower heating value of ethanol on the basis of weight
compared to gasoline and the higher decrement appeared
when 20% methanol was added shows the effect of this
parameter.

The volumetric efficiency increased with the addition of
10% ethanol to gasoline, for two reasons: the presence of
an OH molecule in alcohol chemical composition, which
increased the amount of oxygen in the combustion chamber
and improved its quality. The second is that the heat
required for evaporation of ethanol is high and takes it from
the fuel mixture to evaporate, allowing the addition of an
additional amount of air, which increases the volumetric
efficiency and this is illustrated in Fig 5.
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Fig.4: The impact of ethanol addition to gasoline on the exhaust
gas temperatures
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Fig.5: The impact of ethanol addition to gasoline on resulted
engine bsfc

Fig. 6 shows the amount of CO and CO?2 in the exhaust gas
when the engine operates at 1500 rpm. In addition to 10%
ethanol, the pollutant levels are at the lowest level on the
weak side. When the equivalence ratio is coming nearer to
the stoichiometric ratio and goes far to the rich side, the
addition of Ethanol reduces the amount of pollutant
produced by improving combustion by two main reasons:
improved volumetric efficiency by means of extra oxygen
in the ethanol structure, and second, faster flame spread due
to this addition.

CO values increased by 32.33% and CO2 values by 16.5%,
increasing engine speed to 1700 rpm, due to increased
temperature inside the combustion chamber, as Fig. 7
illustrates. Also, increasing engine speed to 1900 rpm as
indicated in Fig. 8, which means that the CO and CO2
levels increased by increasing the speed because of the

~gg8~

increase of the combustion temperature, which increased
the reactions of dissociation of CO2 to CO. As well as
shortening the time required for oxidation of both CO and
CO2 hecause of the lack of oxygen in the rich side.
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Fig.6: The impact of 10% ethanol addition to gasoline on the CO
and CO2 levels
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Fig. 9 shows the levels of CO and CO2 in the exhaust gas
when the engine is operating at 1700 rpm without adding
ethanol for comparison. The figure shows clearly that
adding 10% improves the resulting exhaust gases and
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reduces pollution. The CO is 39% lower, CO2 pollutants by
26%, the output of these two pollutants is higher without
the addition of ethanol. These pollutants are also reduced
by low-speed, low temperature inside the engine room and
provide the time needed for the CO reaction to CO2, as
illustrated in Fig. 10.
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Conclusions

The addition of ethanol (10%) to gasoline improved the
fuel octane number, which increases the higher useful
compression ratio of the engine from 8: 1 to 9.5: 1, and
increases the bp of the engine. The compression ratio of
9.5: 1 is a high compression ratio that is not reached by any
of the former researchers who studied this field of science,
and distinguish this work from others. The addition of 20%
of methanol to gasoline fuel is undesirable, as the resulting
bp did not increase and the specific fuel consumption was
increased. The addition of 10% ethanol enhanced the
engine's volumetric efficiency because of the OH molecule
in the chemical structure of ethanol. The addition of ethanol
reduced the exhaust gas temperatures. CO and CO2
contaminants in the exhaust gas increased from slow to
medium velocity due to the increase in combustion
temperature, which increased dissociation reactions and
decreased the time required for oxidation. Adding 10%
ethanol reduced CO and CO2 pollutants. The addition of
10% ethanol to the gasoline used in Iraq is optimized for
engine performance, a booster for the gasoline's low octane
number, and reduced the exhaust gas pollutants.
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