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Abstract

Homogenous Charge Compression Ignition (HCCI) is a mode of combustion in IC engines in which 

premixed fuel and air are ignited spontaneously. There is a belief that HCCI engines have a great potential 

to improve fuel consumption and reduce NOx emissions.

In this study, a single zone, zero dimensional, thermo-kinetic model has been developed and a computer 

program with MATLAB software is used to predict engine performance characteristics. This model has 

been used to predict the principal parameters of controlling auto-ignition to acceptable level and this work 

leads to achieving the working region with two limitations for knock and misfire. The cycle is simulated with 

premixed blend of methane and DME with air. Also, NOx emissions are compared in a diesel engine work-

ing as a conventional diesel and at HCCI mode.
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Introduction

 HCCI engines have a potential to reduce about 15 to 20 

percent in fuel consumption and they can have a signifi-

cant reduction in NOx emissions compared with conven-

tional SI engines [1]. Despite the potential advantages of 

this mode of combustion, there are some problems with  

the HCCI combustion. The most important challenge of 

these engines is having a limited operating region between 

knock and misfire and also is significant amount of CO 

and UHC emissions.

To overcome the challenges facing the HCCI engines, 

some concepts should be developed to control combustion 

phasing and heat release rate.

All these concepts are limited by choosing the base fuel. 

For the gasoline fuel, the higher octane number needs more 

preheating of mixture and it causes lower volumetric effi-

ciency and lower power density. The lower octane number 

also leads the engine to knock; therefore, the working re-

gion becomes smaller.

For the diesel fuel, the situation is vice versa. Moreover, 

low volatility of diesel fuel makes it difficult to form a 

premixed homogeneous charge [2]. 

Some concepts are developed by many researchers to 

overcome these problems. But natural gas is a significant 

fuel in some applications, such as power generation be-

cause of its lower cost or availability of gas pipeline net-

work. The homogenous mixture formation is the most im-

portant feature of gas fuel and makes it the favorite fuel for 

the HCCI engines.

Nevertheless, natural gas has a narrow operating region 

and achieving appropriate combustion phasing is difficult 

because the auto-ignition in a short time near TDC (to 

have the best efficiency and low emissions) causes pres-

sure to exceed design limits [3]. This issue is more criti-

cal in power generation application in which high power 

density and the boost pressure about 2.5 to 3 bar is needed 

because this pressure makes the operating region narrower 

than that  for naturally aspirated engines.

To control combustion timing and to decrease the ini-

tial temperature of mixture, we can blend another fuel to 

change the kinetic of methane/air mixture [4].

DME is already used as a blending agent to improve the 

ignition delay of diesel fuels and there is an interest to re-

place the diesel fuels with DME in a diesel engine. The 

cost of transportation, storage, and conditioning of DME 

is almost twice as expensive as that of the diesel fuel. But 

there is no need for NOx absorber or particulate trap for 

DME fuel and the common rail injection system for DME 

is cheaper than that for diesel fuel. Therefore, the overall 

cost is nearly the same [5]. However, because of high vola-

tility and low lubricity of DME, this fuel is usually used 

as a blend.

It was shown that blending DME and natural gas ex-

pands the working region of HCCI [6]; also, it improves 

the manifold temperature needed to achieve auto-ignition. 

In this study, the effect of adding DME to the homog-

enous mixture of the methane and air is investigated via a 

zero dimensional thermo-kinetic model. Using this model, 

the effects of significant parameters such as the initial tem-

perature, the initial pressure and the residual gas level on 

auto-ignition and combustion are investigated. Then, an 

appropriate region is selected for electrical power genera-

tion application.

The most important feature of stationary engines is 

working on constant speed that is often held between 1000 

r/min to1500 r/min in which the HCCI combustion is eas-

ily achieved.

The International Organization for Standardization 

(ISO) has organized the operating cycles for electrical 

power generation applications. In this study, two standard 

operating cycles including continuous power (COP) and 

prime power (PRP) are considered and the operation of a 

stationary diesel engine in both cases of the conventional 

diesel and the HCCI with CH4/DME fuel has been deter-

mined.

Modeling of hcci combustion 

The modeling of HCCI engines has already been inves-

tigated in different ways:

A zero dimensional model is selected to study the engine 

performance in an electrical power generation application 

because of the Simplicity of zero dimensional models and 

their ability to predict the performance of HCCI engine 

[13].

This model has been developed for the closed cycle 

(from intake valve closing to exhaust valve opening) with 

full chemical kinetic considerations both in compression 



















The Journal of Engine Research/Vol. 18 / Spring 2010

M.Keshavarz/ S.A.Jazayeri

30

Nomencalture

A Arrhenius coefficient

a Third-body coefficient

ATDC After top dead center

ATDCF After top dead center (Firing)

ATDCI After top dead center (Intake)

BDC Bottom Dead Center

CAD Crank angle degree

COP Continuous Power

C
v

Specific heat in constant volume

E Activation energy

EGR Exhaust Gas Recirculation

EVO Exhaust Valve Opening

HCCI Homogenous Charge Compression Ignition 

Engine

HR Heat release

IVC Intake Valve Closing

DME Di-Methyl Ether

GRI Gas Research Institute

HTR High temperature reactions

K Rate constant

LLNL Lawrence Livermore National Laboratory

LTR Low temperature reactions

m Mass

M Molecular weight

N
s

Total umber of chemical species

P Pressure

PRP Prime Power

Q Heat transferred via system boundaries

Rg Gas constant

R Ratio of crank radius to con-rod length

RP Rate of Progress

r
c

Compression ratio

R
u

Global gas constant

ht
Heat transfer

T Temperature

t Time

TDC Top Dead Center

U Internal energy of the working fluid

UHC Unburned Hydrocarbons

u Specific internal energy 

V Volume

V
c

Clearance volume

Xml Extensible Markup Language

X Mole fraction

y Mass fraction

W The work done by the system 

Greek letters

Aarrhenius coefficient

Specific heats ratio

Crank angle

Density

Forward stoichometric coefficient

Reverse stoichometric coefficient

Production rate

Subscripts

f forward

i species index

k reaction index

mot motoring

r reverse
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