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Research Abstract

Ignition Mechanism Analyzed through Transient Species Measurements and its Correlation

with 0-D and 3-D Simulations for PRF and Toluene/ n-Heptane Mixture

MOHD ADNIN BIN HAMIDI

HCCI mode engine has characteristics of the two most popular forms of combustion used in Sl
(spark ignition) engines- homogeneous charge spark ignition (gasoline engines) and Cl engines:
stratified charge compression ignition (diesel engines). As in homogeneous charge spark ignition, the
fuel and oxidizer are mixed together. However, rather than using an electric discharge to ignite a
portion of the mixture, the density and temperature of the mixture are raised by compression until
the entire mixture reacts spontaneously. Stratified charge compression ignition also relies on
temperature and density increase resulting from compression, but combustion occurs at the boundary
of fuel-air mixing, caused by an injection event, to initiate combustion.

There is no direct initiator of combustion in HCCI mode engine. This makes the process
inherently challenging to control. The oxidation of normal heptane (nC;Hg) has already been the
subject of many experimental and modeling studies. Nonetheless, most of the studies were carried
out under high-temperature oxidation (typically above 800K), and relatively little attention was paid
to the low-temperature oxidation of n-heptane, especially regarding the characterization of
oxygenated reaction products. In HCCI mode engine, it is found that generally there are two-stage of
heat generation from ignition mechanism of hydrocarbons. Relatively, around 700K there is small
heat generation called “Cool Ignition” while around 1000K, there is a large heat generation as main
combustion flame called “Hot Ignition”. This Hot ignition is dominated and influenced by the Cool
Ignition. Heat generation for low temperature oxidation and thermal ignition preparation period has
significant influence to the time when the temperature reached for the occurrence of hot flame. In
addition, by supplying OH reactant into H,O, presence reaction can accelerate the generation of hot
flame. Therefore, to understand and control low temperature oxidation reaction that has dominated
cool flame that cause the hot flame as the main combustion becoming important task in realizing
HCCI engine.

In controlling the hot ignition inside Homogenous Charge Compression Ignition HCCI, early
temperature rise or known as Cool Ignition needs to be understand. Cool Ignition that leads to low
temperature oxidation LTO is known to be highly depending on chemical reaction between the fuel
and oxygen as the condition at the moment are low in temperature (<1000K), and low in pressure.
Because of that, various experiment parameter was set up to analyze the phenomenon. Parameter
that includes in this study can be listed as below;

1. Fuel Composition Dependency

2. Equivalence Ratio Dependency
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3. Engine Speed Dependency
4, Compression Ratio Dependency
5. Intake Temperature Dependency

All these parameter is discussed consequently based on the use of four kinds of analysis
method;
Exhaust gas analysis by FT-IR of least square method
0-Dimensional simulation calculation by CHEMKIN PRO

3-Dimensional simulation calculation by FORTE
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Simplified model calculation.

Two kind of fuel mixtures that consisting PRF (Primary Reference Fuel), and NTF (n-heptane
and toluene) were used throughout this study. PRF (Primary Reference Fuel) is a fuel that has been
referred when evaluating octane number. While octane number is a value indicating knock resistance
of the fuel in the engine. With higher octane number, knocking is less likely to occur. In
high-performance engine, high compression ratio is used to increase thermal efficiency. Thus, to
avoid knocking event, gasoline as the fuel that has less prone to knocking is needed and this is called
anti-knock properties. Within PRF fuel, iso-octane (iCgH;g) and Toluene (CgHsCHj) has high
knocking resistance with octane number 100 and 110 respectively, while n-heptane (nC;H1¢) with
low knocking resistance has 0 octane number.

It is discussed that for PRF fuel, Consumption of both fuel components decrease with increasing
Octane Number. HCHO vyield tend to increase with increasing ON, whereas those of HCOOH and
CH3O0H are almost independent of Octane Number. In the case of NTF, n-heptane consumption
decreases when toluene content is over 40%, but the extent is less than that of PRF. Toluene
consumption does not decrease until the maximum toluene content of the current experiments. On
CeHsCHO, the product yield increases with increasing toluene content in a quadratic manner. The
production pathways of C¢HsCHO extracted from the model are also discussed briefly.

Moreover, temperature rise in HCCI mode engine that is depending on the ignition delay is also
discussed in this study. It is confirmed that attempt to express ignition delay time as a function of
temperature and fuel mixture composition in the manner of simple calculation was partly successful.

In the case of 3-dimensional simulation, Low temperature heat release (LTHR) of cool ignition
stage occur in the lower range of toluene content. Temperature and species distribution inside
cylinder was also obtained in the event of Low Temperature Oxidation (LTO) and homogeneity was
confirmed. Flow Effect does not gives big impact in LTO event as piston speed is considered low for
this study (600 rpm).

Review on reaction mechanism model between LLNL and SAKAI model was also done as LLNL
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model has stronger toluene effect in NTF fuel mixture. Modification was also done and toluene
effect can be reduced at some extent.

Last but not least, relevant chemical kinetic mechanisms are discussed with a simplified model
constructed with a consideration of the property of chain reaction happens in n-heptane (base fuel)
added with toluene/ iso-octane (sub fuel) in which OH reproduction and fuel + OH reaction plays

important role.
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