Ultra Low Emission Techniques of Diesel Engines
with Homogeneous Charge Compression Ignition Method

Hisakazu Suzuki, Hajime Ishii, Noriyuki Koike, Matsuo Odaka

The objective of the study is to search fuel and combustion improving methods for ultra low exhaust emission from heavy-duty
diesel engines aimed at post-long term emission regulations.

In order to realize this purpose under wide load range, a new combustion control method is proposed. This is based on a

concept of combustion based on a concept of homogeneous charge with diesel combustion(HCDC), where most of the fuel is
supplied for pre-mixed homogeneous charge that is ignited by a small amount of direct injected diesel fuel into a cylinder. We
refer this method as homogeneous Charge Compression Ignition. The required characteristics of fuel for this combustion
method and their optimization method will be also studied.

Consequently, the following results were clarified.

@)

)

©)

(4)

®)
(6)

7

®

By the homogeneous charge compression ignition method, drastic reduction of soot is possible. Although only little reduction
effect was observed for NOx at lower premixed fuel ratio, NOx was rapidly decreased when pre-mixed fuel ration goes to 80%
or higher. These emission improvements were possible under wide load range.

When pre-mixed fuel ratio went up as far as near miss-fire region at over-all air-fuel ration about 30, some operating regions
existed where NOx went down drastically to 50 ppm or lower. The minimum required quantity of injected fuel for compression
ignition is affected by surrounding mixture air fuel ratios and it becomes smaller as load goes to higher. However, it is
limited by knocking etc. However, drastic increase in unburned HC was observed. This is one of the problems to be improved.
NOXx reduction effect of this combustion method has been studied by direct combustion observation with an experimental
single cylinder diesel engine. At homogeneous charge compression ignition combustion, almost no luminous flame was
observed and thereby it has different combustion characteristics from conventional diesel combustion. If perfect homogeneous
pre-mixed charge were produced in the cylinder, the charge could be ignited by tiny amount of direct injected fuel and after
the ignition, the homogeneous lean combustion may occur in the whole region in the cylinder.

NOX reduction effect of this combustion method has been studied by numerical simulation. According to above reason, there
is no local high temperature spot and then NOx formation can be suppressed greatly. EGR can be also effective for further
reduction of NOXx as conventional diesel combustion.

By varying anti-knock characteristics of the pre-mixed fuel and applying EGR, very low NOx and smoke emissions have been
obtained in wide range of engine operating regions.

The possibility of single fuel operation of HCDC with conventional diesel fuel has been conducted with consideration of
combustion control method and fuel reforming. As results, although combustion controllability and worsen fuel consumption
at heavy load regions were observed, it was found out that the low NOx combustion has been possible by adequate air fuel
ratio control even in the case of high pre-mixed fuel ratios.

The possible operating regions of HCDC depend on equivalence ratio of the pre-mixture regardless of load conditions.
Thereby the operation with high pre-mixed fuel ratio is possible under light load regions where equivalence ratio of the pre-
mixture is low and extensive reduction of NOx and smoke is possible. However, at heavy load regions, it may be effective to
combine other exhaust emission control methods to achieve higher reduction of exhaust components.

NOx and smoke reduction performance at heavy load regions can be improved drastically by optimizing the combination of
premixed fuel ratio and start of injection of the direct injected fuel or super charging. However, EGR is not a practical
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measure for exhaust gas reduction under HCDC operation.

(9) By adding MTBE (Methyl-t-butyl-Ether) into diesel fuel, the start of ignition becomes later according to the amount of
MTBE added. Hence, the combustion takes place closer to TDC and thereby fuel consumption is improved. Further reduction
of NOx and smoke is also possible. Consequently, change of fuel property by adding MTBE can be a practical measure for the
difficulties of HCDC operation at heavy load regions.

(10) NOx and smoke reduction performance on both HCDC operation and conventional diesel operation by diesel fuel has been
investigated at the Japanese 13 mode emission test. Compared with the conventional diesel operation, HCDC operation
led to the almost same smoke emission level and about 10% reduction of NOx emission.

(11) According to above-mentioned results, it is clarified that the homogeneous charge diesel combustion method may have high
potentiality for pursuing ideal diesel combustion with high efficiency and low emissions.
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