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Abstract. The particulate emission of GDI gasoline haven’t been paid special attention to due to
the lower significantly particulate emissions than that of diesel engines. But in the last few years,
some studies have shown that the particulate of gasoline engine have carried more harmful
substances which can penetrate the lungs , in consideration of the case that the same mass of
particle has larger surface area with smaller size. The high octane and good anti-knock make the
blend of ethanol gasoline get widely use. We use EEPS and build a two stage dilution system to
determine mass concentration and number concentration of particulate emissions of the E10 / E20 /
E30 in the 1.4T engine. It was found that increasing the concentration of ethanol have good effect
on reducing the mass concentration and number concentration of particulate emissions.

Introduction

With the increase in car ownership year by year, the issues of energy and environment have become
obviously prominent, and energy-saving and emission reduction has become one of the chief
indicators in the process of purchasing cars, therefore, GDI engine become the first choice with its
excellent economy and great power. However, the fact that the spray characteristics of GDI engines
is similar to that of the diesel engines makes the time of gas mixture in the cylinders get shorter and
the concentration thicker locally for the gasoline engines, increasing the quality and quantity of
particles generated for transient conditions, especially particle size less than 100nm, and these
ultrafine particles is seriously harmful to human body, which have the bad effects on the human
respiratory system, cardiovascular and nervous system of the human body as well as lead to DNA
damage, carcinogenic and mutagenic effects. With the increasingly stringent emission regulations,
ethanol gasoline, relying on high octane and good anti-knock, has been widely used. In this article,
with the help of bench means, using 1.4T engine, respectively, using E10 / E20 / E30 ethanol fuel,
particulate emission characteristics is measured.

Experimental

Engine Setup and Operating Conditions

Test bench consists of direct injection gasoline engine, EEPS-3090-type particle size of the
spectrometer, AVL gas analysers, exhaust dilution system, CO2 testing equipment and other
components. During the experiment, test bench is set at different driving conditions by control
system and diluted exhaust particle concentration and particle size distribution are measured by the
spectrometer, the exhaust dilution system contains spectrometer and other testing equipment which
is used to provide diluted exhaust gas. The sample of exhaust gas is obtained at the exhaust pipe and
then is diluted into dilution gas by the two stage dilution system. Finally, using the spectrometer
analyses the dilution gas.
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Figure 1 shows schematic diagram of the experimental system.
The relevant parameters of experimental engine are listed in Table 1.

Table 1 the parameters for test engine

Supply System GDI Cycle 4 stroke

Vavle System DOHC Compression ratio 10:1
Max Power 96kw Max Speed 200km/h
Max Torque 260Nm Number of Cylinders 4

Dilution system

The sample for exhaust gas needs to be diluted into a certain range of concentration in order to be
measured accurately by instrument. Two stage dilution system is used to dilute sample of exhaust
gas. Firstly, the collected exhaust go through passage to finish the primary, and then the diluted
mixture is conveyed together to the secondary dilution system. Finally, particle measurement device
can capture the diluted gas from outlet of the dilution system to determine the distribution of the
size and mass. The key is to adjust the dilution ration, which can be controlled by changing the
intake valve opening and valve opening for sampling at the exhaust pipe, and then we calculate the
dilution ration with the CO2 concentration after and before dilution according the formula.......
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Figure 2 shows exhaust dilution system

Results and discussion

From the figure 3, normally the running speed is low at idle, and in-cylinder gas flow is weak, at the
same time the amount of residual gas is the greater, resulting in the deterioration of fuel atomization
and incomplete combustion; and at this time the lower in-cylinder combustion temperature is not
favour to the particulate matter oxidation; while at low load unburned lubricating oil will produce
more nuclear mode particulates; but adding a reasonably higher proportion of ethanol can make the
mass of particles and the number of nuclear mode reduction. According to the comparison the
combustion equation of ethanol gasoline with that of gasoline, adding ethanol into gasoline is
equivalent to the improvement in the content of 02, making the gasoline tend to be more complete
in the combustion process and reducing the formation of dry soot, making the nucleation effect of
the accumulation mode weakened.
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Figure 3 shows the emission characteristics during idle periods using E10 / E20 / E30 ethanol gasoline
respectively: first picture represents particles mass during idle; the second is the number of nuclear particles that
corresponds to the idle state and the third is the number of accumulation particles of the number at idle speed.
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Figure 4 shows the emission characteristics at the speed of 1000r/min using E10 / E20 / E30 ethanol respectively
for GDI engine. The upper three plots of the first piece reflected the total mass of particulate when using E10 /
E20/ E30, the lower three plots of first piece exemplified the total number of generated particles; The upper three
curves on the second picture corresponded to the number of generated nuclear particles, the lower the three
curves on the second picture showed the number of accumulation mode.

Figure 4 tells us that the whole particles mass increases with the increase of the load, and the
number of particles generated can be reduced with the increase of the load, which is due to the
increased loads results in the advancement of combustion chamber temperature, such that the
temperature of combustion is moving towards a direction of high temperature, which improves the
probability of the oxidation of the HC produced in cylinder and weakens the tendency that HC
accumulates to nucleate, and cuts down the concentration of HC, thereby the number of nuclear
states is reduced, and the total number of particles depends primarily on the number of nuclear
states; But comparing the data for the each operating point when using E10 / E20 / E30 respectively,
it's not difficult to find that the increase of ethanol concentration leads to the reduction of the quality
of the generated particles, which further validates that the addition of ethanol is equivalent to the
advancement of the intake air, so that some HC have been oxidized, thereby reducing the quality
and quantity of generated particles; However the number of accumulation mode rises as the load
increases, which is the reason that the thermal cracking of in-cylinder fuel and dehydrogenation at
high temperature lead to producing primary soot particles which are made easy to become
accumulation mode particles by agglomeration and adsorption of substances such as HC. But
compared with the number of accumulation mode generated for different concentration ethanol
gasoline , the fact has been found that the higher concentration ethanol gasoline improve the oxygen
content, so that the portion of primary soot particles has been oxidated, and the number of
accumulation mode for E30 is smaller than that for E10 and E20. Since the magnitude of quantity of
nuclear mode is much larger than that of accumulation mode, so the particle size distribution remain
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a unimodal distribution, and the improvement of accumulation mode haven't led to the addition of
the total number of particles. Further describing, the number of nuclear mode determines the total
number of particles.

On the whole, from figure 5,the mass of generated particles gradually reduces as the load
increases, and at small load, the mass of particles for E30 is lower; when at high load, the effect of
ethanol concentration on the mass of generated particles becomes gradually smaller, which is due to
the increase of the combustion temperature that makes partial the particles oxidation, thereby this
difference decreases; the total number of particles also decreased slowly with increase of the load,;
But at full load, the total number of particles have a certain level of improvement; the number of
nuclear mode also decrease as the load increases; overall the quantity of accumulation mode keeps
decreasing with the load gradually decrease, obviously increase of the ethanol concentration does
reduce the number of the accumulation mode, which is due to improvement of the fuel injection
when load increase and bad mixture for fuel and air in the cylinder ;and high concentrations of
ethanol gasoline makes the probability of the primary soot oxidation increase due to the higher
oXxygen content;
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Figure 5 shows the particulate emission characteristics at the speed of 2000r/min for E10/ E20 / E30 ethanol
gasoline. The upper three plots of first piece represented the total mass of particulate for E10 / E20 / E30;the lower
three plots of the first piece reflected the total number of generated particles using E10/E20/E30; The upper three
curves on the second picture corresponds to the number of nuclear mode for E10 / E20 / E30, the lower three
curves were a corresponding number of accumulation mode using E10 / E20 / E30.
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Figure 6 shows the particulate emission characteristics at the speed of 3000r/min for E10 / E20 / E30 ethanol
gasoline. The upper three plots of first piece reflected the total mass of particles for E10 / E20 / E30 ; the lower
three plots of first piece represented the total number of generated particles; The upper three curves on the second
picture corresponds to the number of nuclear using E10/E20/E30; the lower three curves on the second picture
were a corresponding number of accumulation mode usingE10 / E20 / E30.

As we can see from figure 6,at the speed of 3000r/min, no matter how small or large load it is, it
is obvious that ethanol has good effect on reducing the mass of particulates; At the medium and
small load, the mass of generated particles decreases with increasing load, but at full load, the
excess air ratio is about 0.92 due to the rich mixture, resulting in incomplete combustion; At the
speed of 3000r/min, the orders of magnitude of nuclear mode are the same as the orders of
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magnitude of accumulation mode, which shows a bimodal distribution; At full load, accumulation
mode improves significantly, which is due to the use of enriched mixture and the wet wall, leading
to reinforcing the tendency of incomplete combustion and a further increase in the number of
accumulation mode particles; compare the datum for different concentrations of ethanol gasoline, it
is found that the addition of ethanol has obvious influence on reducing the mass and quantity of
particles.

Conclusion

At the speed of idle, 1000r/min and 2000r/min, the exhaust particulate size for tested GDI engine
shows the unimodal distribution; At the speed of 3000r/min,it reflected the bimodal distribution;
and the ratio of the number of nuclear mode is greater than that of the number of accumulation
mode, while the ratio of the mass of accumulation mode is greater than that of the mass of nuclear
states; the number of nuclear mode decreases gradually with load increase, but when the mixture is
enriched, the number of nuclear mode will increase;

According to the comparison of ethanol gasoline combustion equation and gasoline combustion
equation, it is confirmed that the use of ethanol gasoline is equivalent to increasing the amount of
intake air, thereby improving combustion, so that part of the particulates get further combustion,
reducing particulate emissions mass and quantity.
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