
ABSTRACT
From the energy security and CO2 reduction point of view,
much attention has been paid to the usage of bio-fuel.
Recently, highly concentrated ethanol is used in some areas
(“E85”; 85% ethanol and 15% gasoline in North America and
Sweden, and “ethanol”; 93% ethanol and 7% water in Brazil).
In these regions, Flexible Fuel Vehicles FFVs are being
introduced that are capable of using fuels with a wide range
of ethanol concentrations. Advantages of highly concentrated
ethanol in internal combustion engine applications are higher
thermal efficiency obtained due to higher octane number, and
a reduction of nitrogen oxides due to lower combustion
temperatures On the other hand, the latent heat of
vaporization for ethanol is greater than gasoline, causing poor
cold startability and high NMOG emissions.

This paper examines the effect of highly concentrated ethanol
on exhaust emissions at cold start in a SI- engine. In first, by
using gas sampling and computational simulation in-cylinder
at the peak compression, quantity and composition of
evaporated highly concentrated ethanol fuel are analyzed at
cold temperatures, which is a determining factor for
startability and exhaust emissions. And, technical guidelines
for reducing exhaust emissions are defined from the
viewpoints of fuel properties requirements such as
concentrations and saturated vapor pressures of ethanol, and
fuel evaporations improvement by utilizing variable valve
train and heating device.

INTRODUCTION
Recently, ethanol, ethanol-gasoline mixtures and ethanol-
petrochemical gas compounds, such as ETBE (ethyl tertiary
butyl ether), are being used as fuels for spark ignited engine
applications. Table 1 indicates the characteristics of ethanol.

The use of concentrated ethanol fuel in internal combustion
engine applications has advantages when compared with
gasoline. These include increased thermal efficiency obtained
due to higher octane, and a reduction of nitrogen oxide
emissions from lower combustion temperatures.(1) On the
other hand, the latent heat of vaporization for ethanol is
greater than gasoline, causing poor NMOG emissions
performance and cold startability (2),(3),(4),(5) (Figure1,2).

Table.1. Properties of Ethanol and Gasoline

Fig.1. Distillation Properties
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Fig.2. Relation between ethanol content and NMOG
emissions

In most areas of the world, ethanol-gasoline bio-fuel is used
with an ethanol concentration of only up to 10%. The
disadvantages of using ethanol fuels listed above are
minimized when using such a low ethanol concentration.
However, in some regions, blended fuel of high ethanol
concentrations is used. (E85; 85% ethanol and 15% gasoline
in North America and Sweden, “E100”; 93% ethanol and 7%
water in Brazil). Figure 3 illustrates the global ethanol blend
fuel market. In high ethanol content fuel regions, Flexible
Fuel Vehicles (FFVs) are being introduced that are capable of
running on fuels with a wide range of ethanol concentrations.

Fig.3. Markets of Ethanol Fuel

This Paper quantitatively analyzes the evaporation of highly
concentrated ethanol at cold temperatures, which directly
affects for SI engine exhaust emissions.

EXPERIMENTAL CONDITION
TEST FUEL SPECIFICATION
Engine tests were performed using an inline 4 cylinders
engine with a displacement of 2.0L. Table 2 details the
specifications of the test engine. To investigate Cold
Emissions performance, the E0 (Regular Gasoline) and E85
(Class1 in the ASTM classification) fuels shown in Table 3
were examined.

Table.2. Engine Specifications

Table.3. Characteristics of Test Fuel

EXPERIMENTAL DEVICE
To investigate the evaporation characteristics of fuel in the
test engine cylinders, a gas-sampling device was installed in
the combustion chamber near the spark plug. This device
allows measurement of the in-cylinder air-fuel ratio at peak
compression along with the hydrocarbon composition of the
fuel vapor.

For in-cylinder air-fuel ratio measurement, a high response
analyzer (CSV500 and HFR-500 by Cambustion Ltd.) was
used. The sampling pipe, which is part of the spark plug, is
connected to a high response FID. The gas sampling method
for the engine in Table 2 is illustrated in Figure 4. The gas
around the plug flows up the sample tube, through an
electromagnetic valve and into a seizure pipe. The
electromagnetic valve only opens for a limited time at TDC,
based on a trigger signal from the crankshaft. The sample gas
enters through the seizure pipe, due to the pressure
differential between the combustion chamber and the outlet
of the seizure pipe. The sampled gas is analyzed using gas
chromatography, and the component ratio of vaporized fuel is
calculated.
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Fig.4. Gas Sampling Device

SIMULATION MODEL
To investigate the characteristics of vaporized fuel at cold
start, a CFD (Computational Fluid Dynamics) simulation is
used.

In order to estimate the behavior of fuel in the intake-port,
accurate prediction of various phenomena must be
considered. The break up, atomization and evaporation
process of the injected fuel, and collision and adhesion of fuel
onto the intake-port, must be taken into account. In this
paper, three-dimension CFD analysis is performed using
STAR-CD.

Figure.5 shows an example of the simulation model. With an
intake-port fuel-injection configuration, fuel is sprayed from
the injector tip and the quantity of vaporized fuel in intake-
port is calculated.

Fig.5. Example of fuel behavior model

To calculate the characteristics of vaporized fuel, it is
necessary to precisely simulate the distillation characteristic

of the fuel. Gasoline consists of more than 100 components,
so the way in which distillation characteristics of gasoline are
handled is important. In this paper, gasoline is simulated by
mixing fuel of three reference components, n-pentane,
toluene and tm-benzene. Figure.6 shows a comparison of the
measured distillation for gasoline versus the calculated
results. High correlation is demonstrated between the
calculation and actual measurements. In the calculation,
instant phase equilibrium is assumed.E85 model fuel is
calculated using a mixture of the above gasoline model fuel
and ethanol.

Fig.6. Comparison of distillation properties between
experimental and computational results

Figure.7 indicates computational results compared with
experimental results from Takahashi (7). The results show
high correlation. Therefore, this model is considered accurate,
and can be used to predict vaporized fuel behavior.

Fig.7. Comparison of in-cylinder fuel mass between
experimental and computational results
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