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AN EXPERIMENTAL STUDY ON PERFORMANCE AND
EMISSION CHARACTERISTICS OF A BIOETHANOL
FUELED S.1. ENGINE

Alexandru RADU', Constantin PANA?, Niculae NEGURESCU?

Bioethanol is a viable alternative fuel for spark ignition engines due to its
good burning properties and due to its unlimited manufacturing resources. In this
paper bioethanol mixed with gasoline in various proportions was used as fuel in
order to improve energetically performance and reduce of the pollutant emissions.
The experimental results showed an increase in effective engine power with 16%
using E85 fuel, a reduction in specific fuel consumption in CO and HC with 12%,
48% and 34%, but an increase in NO, emissions. By using leaner mixtures one can
achieve a considerable reduction of NO, emission level.

Keywords: alternative fuels, bioethanol, SI engine, combustion, emissions.
1. Introduction

The use of alternative fuels represents an effective solution to reduce the
main pollutant emissions and specific fuel consumption, and increase the engine
power. One of the most promising alternative fuels is bioethanol. Being produced
from biomass, bioethanol is a renewable source of energy and since its
characteristics are fairly similar to the gasoline ones, the conversion of power
units from one fuel to another looks quite promising in terms of efforts and costs
[1-3].

Several studies have been conducted on the usage of ethanol and ethanol—-
gasoline blends as fuel in the SI engines.

For example, Topgul et al. [4] investigated the effects of ethanol-unleaded
gasoline blends (EO, E10, E20, E40, E60) and ignition timing on engine
performance and emissions. The experimental results showed that the brake
torque slightly increased, and CO and HC emissions decreased when ethanol
blend was used. It was also found that blends with ethanol allowed the
compression ratio to increase without any knock [5].

Magnusson et al. [6] investigated the regular HC, CO and NOy emissions
of a two-stroke chain saw engine using ethanol, gasoline and ethanol-blends as

'PhD Student, Department of Thermotechnics, Engines, Thermal Equipments and Refrigeration
Instalations, University POLITEHNICA of Bucharest, Romania, e-mail:
radu_alex_85@yahoo.com

2 Prof., Department of Thermotechnics, Engines, Thermal Equipments and Refrigeration
Instalations, University POLITEHNICA of Bucharest, Romania

3 Prof., Department of Thermotechnics, Engines, Thermal Equipments and Refrigeration
Instalations, University POLITEHNICA of Bucharest, Romania



194 Alexandru Radu, Constantin Pana, Niculaec Negurescu

fuel. The emissions of CO, HC and NO, were reduced when the ethanol content
was increased. But HC increased when using E85 and E100. When using ethanol
and ethanol-gasoline blends instead of gasoline, the engine power did not vary
significantly [5].

Yiicesu et al. [7] studied mixtures of EO, E10, E20, E40 and E60 in a four-
stroke one-cylinder engine tested on a dynamometer. The average reductions of
HC and CO emissions for E40 and E60 mixtures were 11 % and 19.8 %
correspondingly. They also examined the effect of increasing the compression
ratio from 8:1 to 11:1 with the E60 mixture and measured a reduction on the
specific consumption by 14.5 % and 17 % at 3500 RPM and 5000 RPM
correspondingly [8].

El-Emam and Desoky [9] investigated the combustion of alternative fuels
theoretically and experimentally in SI engines. The results showed that there was
an increase in engine thermal efficiency and decrease in NOy and CO emissions
when ethanol and methanol fuels were used [5].

Charalampos et al. [10] investigated the behavior of a small four-stroke
engine when mixtures of gasoline-ethanol and gasoline-methanol were used as
fuel. In the engine tests, 11 test blends ranging from 0% to 100% ethanol with an
increment of 10% were used CO emissions were decreased as ethanol content in
fuel increased, but HC emissions significantly increased when using E90 and
E100 fuel [5].

2. Comparison on fuel properties

Octane number of ethanol is higher compared to gasoline, so higher
compression ratios can be utilized due to higher auto-ignition resistance; using
higher compression ratios leads to better efficiency and power per liter
performances.

Ethanol contains oxygen in its composition (Table 1), this fact has a direct
effect on emissions.

Ethanol flammability range is much wider for air-ethanol mixtures
comparative to gasoline (0,3...1,56 versus 0,4...1,4) providing engine run stability
in the area of lean mixtures [11].

The heat of vaporization of ethanol is approximately three times higher than that
of gasoline and requires more energy to vaporize the fuel. This property can contribute to
the increase of engine power and efficiency because of the resulting higher density of the
mixture.

Table 1
Physical and chemical properties of gasoline and ethanol [12][15]
Properties Gasoline Ethanol

Density at 15°C [kg/m’] 735..760 785
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Boiling temperature (at 1.013 bar) [°C] 30..190 78
In flammability limits: A.. A 0,4.14 0,3..1,56
Reid pressure [daN/cm®] 0.8..0.9 0.14
Auto-ignition temperature [°C] 257..327 420
Lower heating value [kJ/kg] 43500 26900
Heat of vaporization [kJ/kg] 290..380 840
Octane number MON/RON 90/98 89/107
Composition : C/H/O [% mass] 85/15/0 52/13/35
Dynamic viscosity at 0°C [mPa s] 0.72..0.74 0.796
Stoichiometric burning air [kg/kg] 14.5 9

Spark timing is important because of ignition delay issues. Ethanol has a
slightly higher flame speed in laminar combustion compared to gasoline.
However, it has a much longer delay between application of the spark and a fully-
formed flame (the “ignition delay”). This means that the spark timing may need to
be advanced [13].

The enthalpy of evaporation of ethanol is 842-930 kJ/kg that is higher than
the value of 330-440 kJ/kg for gasoline. This property can contribute to the
increase of engine power and efficiency due to the greater cooling effect, resulting
an improvement of the cylinder filling, but it can cause ignition problems at low
temperatures [ 14]. The ethanol lower heating value is smaller than of gasoline, but
this difference is compensated with the difference between the stoichiometric
burning air (table 1). Thus, the chemical energy of the mixture mass unity is
practically the same (2975kJ/kg for ethanol, 2925 klJ/kg for gasoline at
stoichiometric dosage) [16].

3. Experimental investigations

Experimental investigations were performed on an experimental single
cylinder engine derived from an 810-99 serial automotive engine, showing the
technical characteristics of Table 2:

Table 2
Test engine specifications
Cylinders 1

Bore [mm)] 73
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Stroke [mm)] 77
Displacement [liter] 0.322

Compression ratio [-] | 8.5

Conrod length [mm] 124

Fuelling system carburettor

The engine was coupled with a hydraulic dynamometer and was equipped
with the suitable devices for tuning and operating parameters monitoring in order
to measure performance and emissions level of the engine fueled with two
different gasoline-ethanol blends: E20 and E85. Measurement and analysis of
combustion data was made with a Kistler pressure transducer together with a
Kubler incremental encoder and an AVL data acquisition system. For
measurement the exhaust gas emissions an AVL Dicom 4000 gas analyzer was
used. Oil temperature from oiling system and cooling liquid temperature were
maintained at 85°C. All instrumentations were calibrated prior to engine testing.

Because of the ethanol heat of vaporization higher value, the engine was
equipped with an electrical resistance and rheostat device assuring a controlled
preheat of inlet air. [11]

The experimental investigations were carried at engine speed 3000 rpm
(£50 rpm), full load and different dosage values for three fuels: gasoline, E20
(80% gasoline blend with 20% ethanol) and E85 (15% gasoline blend with 85%
ethanol). Spark ignition timing was adjusted for each operating regime at optimum
value. In case of ethanol fueling the optimum spark ignition timing is smaller
comparative to gasoline S.I. engine due to a much higher burning rate of the
ethanol.

The main properties of the three fuels tested are shown in Table 3:

Table 3
Properties of the tested fuels
Properties Gasoline E20 E85
Chemical composition C/H/O [%] 85,4/14,2/0,4 78/14/8 57/13/30
Lower heating value [kJ/kg] 43500 40160 29305
Stoichiometric A/F ratio 14.5 13.4 9.8
Density at 15°C [kg/m’] 760 766 787

4, Results

As shown in Figure 1, increasing the bioethanol content in the mixture led
to increased peak cylinder pressure for the same excess air-fuel ratio, reaching
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values up to 37.5 bar for E20 and up to 50 bar for E85 (average values of 150
consecutive cycles). This fact is due to combustion improvement and cycle
burning release heat and heat release rate increasing.

3000 rpm, full load
60

so b— ._.El-t._.\‘.i
40 W_\\
30 i

~e ==f==(Gasoline
20 =E—-E85

E20

pmax [bar]

10

0,8 0,9 1 11 1,2 1,3 1,4

Al

Fig. 1. Variation of peak cylinder pressure versus excess air-fuel ratio.

At the same excess air-fuel ratio A, the effective power of the engine
recorded the highest values when used E85, obtaining an increase of 11+16%
compared to standard gasoline (fig. 2a). For E20, the effective power increased by
7 to 10% depending on the excess air-fuel ratio of the engine, the maximum
values being recorded for an excess air-fuel ratio A=0.93. The higher effective
power of the engine obtained at the use of gasoline-bioethanol mixtures is due to
better combustion properties of bioethanol and due to shorter duration of
combustion (fig. 2b). However, a disadvantage is the increase of the heat losses
due to higher combustion temperatures, which leads to higher emissions level of
nitrogen oxides at engine operation with gasoline-bioethanol blends.
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'Fig. 2a. Effective power vs. excess air-fuel ratio. Fig. 2b. Combustion duration vs excess air-fuel
ratio.

Although oxygenated fuels have a lower calorific value than gasoline, the
experimental tests showed lower energetic brake specific consumption for engine
fuelled with gasoline-bioethanol blends compared with gasoline. Thus, the
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energetic brake specific consumption of E20 and E85 was shorter than the EBSFC
of gasoline, for all values of the air-fuel ratio. Thus, a reduction between 8 + 12%
for mixtures E20 and E85 compared to gasoline was obtained (fig. 3).
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Fig. 3. Variation of energetic brake specific consumption versus excess air-fuel ratio

Fig. 4 presents the percentage concentration of carbon monoxide
emissions from the exhaust gases. It can be observed that, when the engine runs
with E20 and E85 , the CO emissions level is generally lower than gasoline and
tend to decrease for the lean mixtures field, up to an air-fuel ratio A=1.23, when it
begin to grow slowly.
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Fig. 4. Variation of CO emissions versus excess air-fuel ratio

Hydrocarbon emissions are reduced by 22% to 34% at the same dosage
when the engine is fuelled with E20, respectively E85, comparative with gasoline
engine (fig. 5). Reduction of carbon monoxide and hydrocarbons are mainly due
to the presence of oxygen in the chemical composition of ethanol resulting an
improved combustion to increase the ethanol content from the mixture.
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Fig. 5. Variation of HC emissions versus excess air-fuel ratio

Due to higher combustion temperature (for complete vaporization of
bioethanol intake air was heated) and the presence of oxygen in the chemical
composition of ethanol, emissions of nitrogen oxides for gasoline-bioethanol
blends increases with increasing ethanol content from the mixture, at the same
excess air-fuel ratio. In order to reduce the NOy emissions, in case of gasoline-
bioethanol blends, dosage can be leaner up to A=1.28 without compromising the
effective engine power.

3000 rpm, full load

A
- /fv-N\
A u \
— 2000
E
o
= .
—_— 10 A e DEnging
=
(o] —
Z 1000 ] rzo
LN

J

0,5 0,49 1 1,1 1,7 1,1 1,1

ALl

Fig. 6. Variation of NO, emissions versus excess air-fuel ratio
5. Conclusions

At fueling the engine with gasoline-ethanol mixtures better results were
obtained in terms of the energetic engine performance and the main emissions
levels, comparative to gasoline. Thus, the effective power of engine increased
with approximately 16% and a decrease in the brake specific fuel consumption
with about 8+12% was noticed.

Ethanol produces lower pollutants such as CO and HC, compared with
standard gasoline in equivalent tests. CO emissions maintained approximately the
same values, instead the HC emissions have decreased considerably. NOy
emissions increased at fueling the engine with gasoline-ethanol blends at increase
the ethanol content in the mixture.
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From the two used gasoline-ethanol blends, the best results of investigated
parameters were obtained when using E85.
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