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1. Homogeneous Charge Compression Ignition
2. Throttling losses
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CFD-kinetic TKMs [12]

Sequential CFD based multi-zone TKMs [13]
Multi zone TKMs [14]

4. Zero dimensional TKMs [15]
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1. Simple look-up table approach[18] or temperature threshold method[19]
Shell model [21,20]

Arrhenius-type rate threshold models [24,23,22,19]

Knock Integral Models [28,27,26,25]

Modified Knock Integral Models [30,29,17]
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1.Thermo- Kinetic Model (TKM)
2. Control Oriented Model (COM)
3. Cycle to Cycle
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1. Cooperative Fuels Research

2. Modified Knock Integral Model(MKIM)
3. Start of Combustion

4. Crank Angle for %50 burnt fuel

5. Burn Duration

6.Intake Valve Closing

7. Exhaust Valve Opening

8. Port

9. Woschni
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1. Knock Integral Model (KIM)
2. Modified Knock Integral Model (MKIM)
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CAS50: Crank Angle for %50 burnt fuel
CFD: ComputationalFluidDynamics
CFR: Cooperative Fuels Research

CI: Compression Ignition

CO: Carbon Monoxide

COM: Control Oriented Model

EGR: Exhaust Gas Recirculation

EVO: Exhaust Valve Opening

HCCI: Homogeneous Charge Compression Ignition
IVC: Intake Valve Closing

KIM: Knock Integral Model

MKIM: Modified Knock Integral Model
MW: Molecular Weight

NG: Natural Gas

NO,: Oxides of Nitrogen

PM: Particulate Matter

RPM: Revolution per Minute

SI: Spark Ignition

SOC: Start of Combustion

TKM: Thermo-Kinetic Model

C,: Constant-Pressure specific heat capacity
C,: Constant-Volume specific heat capacity
K [-]

P: Pressure [kPa]

T: Temperature [K]

m: Mass [kg]

N: engine speed [RPM]

UHC: Unburned Hydro Carbons

¢ : Equivalences Ratio [-]
p: Density(kg/m®)
T: Ignition Delay

0: Crank Angle [CAD]
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English Abstract

Developing a Control Oriented Model for Predicting Combustion Timing in

HCCI Engines

Sasan Akbarpour, Rahim Khoshbakhti Saray, Mehdi Mirzaei, Vahid Mohammadi and Ghasem Soleimani

Department of Mechanical Engineering, Sahand University of Technology, Sahand New City, Tabriz, Iran
(Received: 2013.2.24, Received in revised form: 2013.10.23, Accepted: 2013.10.25)

One of the main challenges in HCCI engines is lack of suitable control system as exists in conventional
internal combustion engines. Therefore, controlling HCCI combustion can improve the commercial
application of these types of engine. In this study a control oriented model (COM) that can predict SOC, BD,
and CASOhasbeen developed. The validity of the model has been verified by comparing the predicted
pressure traces with the corresponding experimental data, resulted from analysis of in-cylinder pressure data,
in a wide range of operating conditions. Then, various amounts of intake temperature, intake pressure, and
equivalence ratio in HCCI engine in the developed model have been implemented. These data are used to
optimize coefficients in Modified Knock Integral Model (MKIM) correlation, and other correlations for
predicting combustion parameters. One of the advantages of this COM is easy access to inlet parameters.

Keywords: HCCI engine, Control Oriented Model, Start of Combustion, Burn Duration, CA50
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