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THE INTERNAL COMBUSTION ENGINE

Quick Reference Data

In a spark-ignition (SI) engine, the fuel/air mixture is compressed to a pressure
and corresponding temperature (400°-600°C) generally below its auto-ignition
threshold, with the mixture being ignited by a spark shortly before the piston
reaches top-dead-center.

In a compression-ignition (CI) engine, air is compressed to a sufficiently high
temperature (700°-900°C) to cause auto-ignition of fuel upon injection into the
cylinder shortly before the end of the compression stroke.

Principal Design Parameters for an SI Engine

Compression Ratio (CR): increasing CR increases fuel economy with
two drawbacks: increased tendency to knock and higher NO, emissions.

Combustion Chamber Design: recent research has focused on faster
burning designs, i.e., compact chamber, centrally located spark plug, high
turbulence swirl induction, and four/five valves per cylinder.

Valve Timing: the opening and closing of the intake and exhaust valves
for the exchange of gases in the cylinders of a four-stroke, internal
combustion engine. Ideally, a larger valve overlap (a very short time in
which both the intake and exhaust valves are slightly open) is needed
at high speeds for performance, and a smaller overlap is needed at idle
and slow engine speeds to lower emissions.

Fuel Management: sequential port fuel injection has shown favorable
results over carburetion when used in an alcohol-burning engine
(especially for methanol) because the mean effective pressure and
thermal efficiency improve significantly over most of the operating
range.

The Key Operating Parameters for SI Engines

Equivalence Ratio:

-- At lower equivalence ratios (lean burn conditions), engines
operate more efficiently.

-- Lean burn conditions, while providing better thermal efficiency
and lower hydrocarbon (HC) and CO emissions, produce higher
NO, emissions.



PROPERTIES OF ALCOHOL FUELS

Spark Advance: optimum spark setting will depend on rate of flame
development and propagation and the length of the flame path across
the combustion chamber.

- As the spark is advanced, HC emissions increase up to the lean
misfire limit.

- As the timing is advanced, combustion temperature is increased
and NO, formation increases.

- The influence of ignition timing on fuel consumption is opposite
to the influence it exerts on pollutant emissions.

Exhaust Gas Recirculation (EGR):

- Increasing amount of EGR decreases NO, emissions, but
increases HC emissions and fuel consumption.

-- Increasing amount of EGR requires advancing the spark timing
as the equivalence ratio decreases.

Key Design Parameters for Alcohol Combustion

Higher octane

Greater enthalpy of formation
Lower flame temperature
Extended lean limit of operation

Useful Terms and Definitions (also see Glossary)

Adiabatic: occurring without loss or gain of heat.

Compression Ratio (CR): the maximum cylinder volume divided by the
minimum cylinder volume.

Enthalpy Requirement: the additional heat input required by the
engine’s fuel induction system to achieve the required degree of fuel
vaporization for smooth operation.

Equivalence Ratio: measure of the actual fuel/air mixture to the
stoichiometric fuel/air ratio.

Exhaust Gas Recirculation (EGR): the recirculation of exhaust gases
to the combustion chamber to reduce the peak combustion temperature
for the reduction of NO, emissions.






