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ABSTRACT

The first section of this thesis includes a Literature Survey. This review covers the basics
of SI engine operation and details the combustion process, looking at the formation of
pollutants in particular. The reasons for adopting 4-valve cylinder heads are discussed
and their inherent weaknesses are detailed. Current techniques for improving engine
performance and reducing emissions are discussed, before assessing the work that has
already been carried out on port throttles.

As part of the research programme, a computer model was developed for predicting
engine behaviour with port throttles. The theory behind the model is covered in detail. A
period of engine testing was undertaken to validate the computer program, and the
results are included in this section. The way in which the model was used in optimizing
the throttle design is also discussed later in a parametric survey. Engines running with
increased valve overlap have also been considered.

A port throttle assembly was designed and built for engine testing at Ford's Research
Centre. A steady-tlow rig was also set up to assess the effect that port-throttles have on
in-cylinder air motion. Results from these tests are discussed, showing that a slight

change in design to the throttle assembly could lead to improved engine performance.

Engine testing at Ford involved full exhaust gas analysis. Several throttle configurations
were investigated, and the eftect that these changes have on emission levels is discussed
in detail. The tests highlighted the possibilities for using port throttles in conjunction ®
with lean burn technology.

In the final section, the future for port throttles is covered and conclusions from the
research programme are discussed, including the author's suggestions for future

investigations.
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1.1 DESCRIPTION OF COMBUSTION IN SPARK IGNITION ENGINES

1.1.1 Introduction

The internal combustion engine is the most widely used power plant available today. The
engine's basic design has varied little over the years, but its performance has steadily
improved through extensive research and development. Further improvements are still
sought, with the emphasis nowadays towards reducing engine emissions and fuel
consumption.

America has led the way with legislation to control emission levels, having suffered from
the effects of atmospheric pollution in certain blackspots for some years. Heavy smogs
were a common problem during the 1970's around Los Angeles. More stringent laws have
changed the role of engine designers, as it is not only customer satisfaction which now
matters. It is getting harder to produce a car which will satisfy emission standards, yet still
give drivers the same, or better, performance. The increased use of computer-controlled
engine management has made this job easier, although the engines are becoming more
complex. A greater understanding of the combustion process and the factors which affect
it, especially the effects of in-cylinder motion, have led to improved all-round
performance.

The combustion chamber is the heart of all spark-ignition engines. Here, a mixture of air
and fuel is ignited, with the resulting reaction creating a usable power output. The
principle itself is simple, but to control the combustion and extract as much power as
possible is far from easy. Nearly every aspect of an engine's design is geared towards
achieving this.

1.1.2 Combustion

Under controlled operating conditions, combustion in a spark ignition engine is initiated as
the piston nears top dead centre (TDC) on the compression stroke. A thin flame between
the electrodes of the spark plug starts the chemical reactions of combustion, resulting in a
flame-front which propagates through the air/fuel mixture. The combustion process can be
broken down into several distinct phases:

The increasing electrical potential across the plug gap produces an arc, which spreads to
the inflammable mixture as the exothermic reactions of combustion begin. A nucleus of
flame is created, which then spreads across the chamber. The creation of this self-
propagating flame is said to be the first stage of combustion and takes between 0.4-0.8
ms, depending primarily on the flame temperature, as it is a chemical process. This
process is described in detail by Benson and Whitehouse (1979)* and Heywood (1988).

* References are given alphabetically in Appendix 1.
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