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Abstract

The application of the low temperature combustion (LTC) technology improves the
performance and emission characteristics of the engine. However, the most important
challenges regarding the integration of this technology in mass-production engines are
the limited operating range and uncontrollability. To get the utmost from LTC
advantages it is possible to use the diesel combustion in load points undeliverable by
LTC. Experimental study in this research on a diesel engine reveals that the change in
fuel injection timing from 176 to 2 CAD, bTDC (crank angle degrees before top dead
center) leads to the combustion regime change. Fuel injection near top dead center
from 11 to 2 CAD,bTDC, resulting in the dependence of the injection and combustion
processes, leads to the diesel combustion. In this region, the combustion sensitivity as a
measure of fuel injection timing on combustion timing is between 1.2 to 1.3. Advancing
the injection to early timings in the compression stroke from 86 to 176 CAD, bTDC
and providing enough time for the complete mixing of the fuel and air, yields HCCI
combustion having almost zero combustion sensitivity. The fuel injection timing
between these ranges, resulting in a mixture which is neither fully homogeneous nor
fully stratified, leads to the PPC. In this region, the combustion sensitivity is between
0.1t00.2.
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1- Introduction

Nowadays, due to the role of internal combustion
engines in fossil fuel consumption and
environmental pollution, the desire for this type of
powertrain is being decreased. Especially in the
automotive sector, vehicles that use internal
combustion engines are being replaced by electric
vehicles, including fully electric vehicles and hybrid
vehicles. In order to maintain the presence of
internal combustion engines, at least in hybrid
vehicles, solutions must be found to overcome their
challenges. Therefore, researchers in industry and
academia must find solutions to overcome the
challenges and disadvantages that accompany
internal combustion engines. For this reason,

traditional internal combustion engines are being
modified and new combustion technologies have
emerged.

Low temperature combustion, is the spontaneous
combustion of a homogeneous (fully premixed) or
partially premixed fuel-air mixture without any
external ignition initiation mechanism. It allows
simultaneous reduction of fuel consumption and
emissions. Moreover, it makes it possible to
substitute the fossil fuel with alternative fuels.
Therefore, applicable integration of this concept in
the engine cycle can greatly reduce the risk of
internal combustion engines being rejected in the
future of prime movers. Although low temperature
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combustion engines show significant advantages,
they are accompanied with some disadvantages
which makes them a risky solution for mass-
production  engines.  Reactivity  controlled
compression  ignition,  partially  premixed
combustion and homogeneous charge compression
ignition are three main types of low temperature
combustion engines. In homogeneous charge
compression ignition combustion engines, the
homogeneous fuel-air mixture presents in the
combustion chamber prior to the start of the
combustion and the auto ignition of the charge due
to the increase in pressure and temperature of the
charge resulted from the piston movement governs
the combustion process initiation. Therefore, there
is no external control over the combustion process.
This is the main challenge of the applicable
utilization of the concept in engines.

Some researchers tried to modify the
homogeneous charge compression ignition concept
to overcome the problem of the uncontrollability.
Therefore, partially premixed combustion and
reactivity  controlled  compression  ignition
combustion strategies are proposed. The idea
behind these alternative low temperature
combustion concepts is that the main contributor to
the problems with the homogeneous charge
compression ignition combustion is resulted from
the homogeneity of the charge. Hence, the
combustion of a fully homogeneous charge should
be avoided. Therefore, the proposed alternative
concepts reduce the amount of the homogeneity
level of the charge for the sake of finding some kind
of control over the auto ignition and to yield milder
combustion. The homogeneous charge preparation
in the homogeneous charge compression ignition
concept can be done in two ways. It is either by
mixing the fuel and air before the entrainment into
the combustion chamber or by the direct injection of
the fuel early enough to make an in-cylinder
homogeneous mixture due to the evaporation of the
injected fuel and charge motion within the
combustion chamber. In the partially premixed
combustion, the fuel is directly injected into the
cylinder but the injection timing is neither too early
(as occurs in the direct injection homogeneous

charge compression ignition concept) to produce the
desirable level of non-homogeneity nor too late (as
occurs in the direct injection diesel combustion) to
prevent highly stratified charge. This transient
combustion concept makes it possible to have some
kind of control over the combustion process
although not a control knob as in the controlled
combustion of the diesel concept. The reactivity
controlled compression ignition combustion uses
the difference in the reactivity of the entrained fuels
as a strategy to control the combustion process.
Although partially premixed combustion and
reactivity controlled compression ignition improve
the controllability of the combustion and vyield
milder combustion, they still cannot cover the whole
load range of the operational engine. Therefore,
another combustion strategy should be added for the
ratings which cannot be obtained by the low
temperature combustion. In order to use this
configuration for mass-production engines, they
should have similarities as much as possible. One
possible range extension strategy is the combination
of different combustion concepts having similarities
in the fueling system. Therefore, diesel, partially
premixed combustion and direct injection
homogeneous charge compression ignition
combustion strategies can be utilized to this end.
They can deliver the whole required ratings by
optimum performance and emission characteristics
while using the same fuel injection system and the
direct injection homogeneous charge compression
ignition is the core combustion concept in this
method.

2- The Problem Study

In this study, the effect of fuel injection timing on
the combustion regime of internal combustion
engines that utilize direct fuel injection into the
combustion chamber is investigated. The two
general combustion technologies that are studied
included diesel combustion and low-temperature
combustion. The distinction between these two
types of combustion technologies is the level of time
dependence of the fuel injection and combustion
phenomena.



135 Experimental investigation of the effect of ...

Morteza Fathi

In diesel combustion, there is a high dependence
between these phenomena; while in low-
temperature combustion, these two phenomena are
fully separated in terms of time window.

3- Results and Discussion

The two types of low-temperature combustion that
are investigated in this study are partially premixed
combustion and homogeneous charge compression
ignition combustion. The difference between these
two types of low-temperature combustion is the
level of homogeneity of the fuel-air mixture before
combustion  begins. In partially premixed
combustion, despite proper mixing of fuel and air
before the start of combustion, there is some local
stratifications in the combustion chamber, while in
homogeneous charge compression ignition
combustion, this factor can be ignored and the fuel
and air mixture in the combustion chamber is
considered completely homogeneous. In summary,
the results of this study can be summarized as
follows:

1. Fuel injection near top dead center and the
time dependence of injection and
combustion phenomena lead to diesel
combustion. By advancing fuel injection to
early timings in the compression stroke and
allowing sufficient time for homogeneous
mixing of fuel and air, compression ignition
combustion of a homogeneous mixture is
achieved. Fuel injection timing between
these two ranges, where the mixture is
neither completely homogeneous nor
completely stratified, leads to nearly
premixed combustion.

2. In diesel combustion, there is a close
relationship between fuel injection and
combustion. In this mode, the combustion
of fuel-rich spots starts together with fuel
injection. Therefore, the ignition delay is
relatively low and the time of fuel injection
does not have much effect on it. In low-
temperature combustion, advancing fuel
injection leads to increase in the ignition
delay, increase in the available time for

mixing fuel and air, and separation of
injection and combustion phenomena.

3. In diesel combustion, the high value of the
ignition sensitivity parameter indicates the
high sensitivity of the combustion timing to
the time of fuel injection. In homogeneous
charge compression ignition, the value of
this parameter is negligible and close to
zero. In partially premixed combustion, the
amount of this parameter is between these
two limits and it is decreased by advancing
injection timing. Here, ignition sensitivity
is neither as high as diesel combustion, so
that fuel injection can be used as the
controller of combustion timing, nor as low
as homogeneous charge compression
ignition, with negligible effect on
combustion. This reduction of ignition
sensitivity to fuel injection timing leads to
the uncontrollability challenge of low-
temperature combustion engine. Therefore,
the partially premixed combustion
improves ignition controllability by
increasing the stratification level of the
homogeneous mixture.

4. In diesel combustion, the emission level of
unburned hydrocarbons and  carbon
monoxide are negligible. Advancing fuel
injection and in the range of low-
temperature combustion, the amount of
these emissions increase.

5. In diesel combustion, high levels of soot
and nitrogen oxides are formed. However,
in low-temperature combustion, the amount
of these emissions is  reduced
simultaneously. In homogeneous charge
compression ignition combustion, the
emission of these pollutants is very small
whereas in the intermediate partially
premixed combustion which lies at the
boundary between diesel combustion and
homogeneous charge compression ignition,
the level of soot and nitrogen oxides
pollution is placed between the levels of
two combustion regimes.
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