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Abstract: The objective of this study is to investigate the effect of engine speed, intake air temperature, intake air pressure, and compression
ratio on combustion and performance characteristics in a homogeneous-charge compression-ignition (HCCI) engine fueled with gasoline sur-
rogate using numerical simulations. The operating range of HCCI combustion with regards to speed and load is fixed considering that the start of
ignition together with the heat release rate cannot be controlled directly. In order to design an engine for extended operational range, accurate
models are needed that are able to model both combustion and performance. This paper states the outcomes of a modeling study of HCCI
combustion using gasoline surrogate, a mixture of hydrocarbons with perfectly acknowledged fuel chemistry. A zero-dimensional single-zone
numerical simulation with reduced fuel chemistry was developed and validated. The simulations reveal good agreement aided by the exper-
imental results and capture essential combustion phase trends when engine parameters vary with a minimum percentage of error that is sig-
nificantly less than 4%. The combustion phase advances and the combustion duration becomes shorter with the increase of intake charge
temperature and the decrease of the engine speed. The maximum load successfully increased with increasing the intake pressure. The highest
load in this study was 1,086 kPa (10.86 bar) in gross indicated mean effective pressure (IMEPg) at the condition of 200 kPa in intake air pressure
and 393 K in intake air temperature. At last, it is found that the intake air pressure gives the most sensitive influence on the HCCI gasoline
combustion and performance characteristics. DOI: 10.1061/(ASCE)EY.1943-7897.0000478. © 2017 American Society of Civil Engineers.

Author keywords:Homogeneous-charge compression-ignition (HCCI); Single zone; Gasoline surrogate; Engine parameters; Combustion;
Performance.

Introduction

With increasing concern about fuel economy and emissions, the
internal-combustion engine industry is constantly looking for better
alternatives to spark-ignition (SI) and compression-ignition (CI)
engines. A homogeneous-charge compression-ignition (HCCI) en-
gine is one of the alternatives under extensive research in recent
years (Hairuddin et al. 2014; Mohanamurugan and Sendilvelan
2011). The name demonstrates its two essential characteristics,
homogeneous mixture and compression ignition. The HCCI con-
cept promises several advantages. In short, it is more efficient than
the SI engine and cleaner than the CI engine. Compared with the SI

engine, a higher compression ratio (CR) can be used and a leaner
fuel-air mixture can be applied on a HCCI engine (Hasan et al.
2015; Mohanamurugan and Sendilvelan 2011). At the same time,
compared with the CI engine, the cylinder mixture is more evenly
distributed in a HCCI engine, where a fuel-rich pocket is not
possible. Without the soot-inducing fuel-rich pockets and NOx-
inducing lean regions, the overall result is that the HCCI engine
can achieve higher fuel efficiency with lower NOx and soot emis-
sions (Polovina et al. 2013).

Despite the obvious advantages, the HCCI combustion concept
also has its own drawback. The ignition timing and heat release rate
cannot be directly controlled in a HCCI engine (Hasan and Rahman
2016; Soylu 2005). Because of the lack of control, the transitions
between engine operation points are more difficult to achieve.
Combustion phasing control is the most important issue for this
combustion concept. Unlike the SI engine, which has a spark to
initiate the combustion, or a CI engine, which has a fuel injector
to control the injection timing, HCCI ignition is primarily con-
trolled by the temperature-time history of the intake charge (Najt
and Foster 1983). Various steps have been taken to control the com-
bustion phasing in HCCI combustion such as using different per-
centages of exhaust gas recirculation (EGR), different compression
ratios, and different inlet air temperature and pressure as well as
different air-fuel ratios (AFRs). Inlet air temperature is a significant
parameter to control the HCCI combustion phasing because it
affects the time-temperature history of the charge. The start of
combustion (SOC) is advanced at high inlet air temperature, but
volumetric efficiency is reduced (Machrafi et al. 2010). Another
important parameter to control the ignition timing is air-fuel equiv-
alence ratio. The proper equivalence ratio for a specific operation in
HCCI engine can produce an exact in-cylinder temperature to start
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